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Abstract .

This paper tackles the most time-consuming and

complicated type of search and recovery planning -
calculating the approximate surface position of an aerospace
object which has been affected over time by glide or
parachute winds aloft, as well as aurface current winds,
leeway drift, ‘and sea current vectors. The three, highly- oo

interactive, search applications programs herein are written

in Standard Pascal using Borland International’s “TURBO

Pascal”™ <(an inexpensive software package available for .
virtually every microcomputer on the market). They have f?f?
(® been tested on a small, portable, 64K memory, 2Z-80A T

procéssornbased microcomputer (Osborne One), a Convergent
Technologies C-3 Data System, and a Digital Equipment
Corporation VAX 11-780 mainframe. j j

Search and Rescue/Recovery (SAR) in the United States
is based on the humanitarian principle which compels people
to render aid to those in distreass. Search planning
guidelines and formulae to help locate persons in distress

or missing aerospace objects are described in the National 't;$

earch _and Rescue Ma -2). This methodology has

not been implemented for microcomputers in a compiled,

:i transportable programming language like Pascal. This ﬁi;
P_ ‘., research project does just that. It doea not, however, -
i viii




R
. ‘ teach the guidelines or formulae. The reader MUST have a 5£
ki - solid understanding of SAR methodology before using the A
E§ attached software package to assist in making decisions ‘.G
Eﬁ where human life ia at risk. In fact, since no amount of ?fi
-

testing can uncover 100X of program errors, the attached

software package is recommended for training use only.
Appendices include: glossary, user’s guide, sample

problem with program runs and solutions, and source code

listing.
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Chapter 1

MICROCOMPUTER APPLICATION OF AEROSPACE ASSET -
SURFACE SEARCH PLANNING

Background

What is the value of a human life? Each year millions
of dollara and countleaas manhoura are expended searching for
misaing perasona in diatreaa. Ihternational, national,
state, and local government search and rescue/recovery (SAR)
agencies commit limited resourceas looking for the real or
perceived victima of accidents or incidenta such as sinking
veasels or airliner or light plane crashes. And, as humans
increasingly orbit, fly and sail over the Earth, the number
of such missing/distressed persona can only multiply.
Likewise, aa man launches and recovera increasing
amounts of equipment to and from eapace, more of it will,
undoubtedly, land aomewhere other than intended. Remember
when no one knew where the uncontrolled US Skylab or the
Soviet nuclear-powered COSMOS satellite(a) would crash once
they re-entered the Earth’a atmoaphere?:

There is no way to tell exactly where between

S0 North eaend S0 South latitude Skylab debris

will fall even as late as one orbit prior to

entry. . . Skylab weigha about 175,000 lba., and
analyaia indicates that 40,000-50,000 lba. could
survive reentry. (5:19)

No one knew where these spacecraft finally did land wuntil

several hours/days of searching located the missing pieces

(1:33,7:1-6,9:1-5).

..............................
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The United States Coast Guard (USCG) is tasked with
training Federal military and civil agencies in search i
planning (10:2-7). For this purpose they mraintain the
National SAR School in New York City. After tabulating many
years of search statistics, USCG developed a 1lengthy, yet
comprehensive, manual method of search area determination
using vector addition, algobra.A tables, graphs, and
nomographs. This technique is taught over a 3-week course,
where the typical oceanic problem takes experienced
planners, assisted by electronic calculators, several hours
to complete (8).

Unfortunately, these same hours may be spent by
injured survivors on land or in the water awaiting recovery
(s@ee Figure 1). Or, valuable equipment may receive
envifonmental exposure damage (e.g., corrosive seawater)

before search forces are directed where to look for it.

Lot et
R R

Problem Description

The National SAR School manual search planning
technique is not available for microcomputer users in &
widely-transferable, high-level, compiled programming
language, like Pascal (8). Such a software package could
save precious time (see Figure 2) by providing appropriate
agencies with preliminary data on which to initiate search
planning. Thia would reault in aearch forcea being
6rganized and launched much sooner, saving more livea and

critical resources. The search planning technique is
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available, however, on the USCG mainframe computer systcom at
Governor’s 1Island, New York, with some limitations on
capability and accessibility.

Any discuasion of these limitationa muat first deacribe
current capabilitieas. An operations research firm in Paoli,
PA, received a government contract to deeign a “Computer
Assisted Search Planning®" (CASP) prdgran to run on the Coast
Guard’s Convergent Technologies C-3 Data System computer.
The prograr allows weighted multi-criteria decision-making,
drawe search location probability mapa, and has other
features which only embellish the basic manual calculation
method and would never fit in the limited memory saspace of
the standard 48-64K RAM microcomputer. Yet, CASP only
handles surface search object planning! It 1lacks the
capaﬁility of calculating the initial surface/splaah-down
position of gliding, falling, and/or parachuting aerospace
objects (ejecting pilots, satellite packages, etc.). For
yeare, the National SAR School faculty haa been forced to
manually calculate this aerospace drift position before they
could execute their commercially-procured, mainframe
computer search planning software (8). Were this aerospace
drift capability incorporated into the software created in
this thesis effort, then it could be used on the USCG
mainframe and microcomputers alike.

The second limitation involves accessibility. OQutside

agencies desiring rapid and accurate search planning

1-5

——




T Te YL Tl mom S AR M A M S hd - v w - B T w ) Clie= e < i —~ T W T W e W T

assistance do not have direct access to USCG’s mainirame

running the CASP program. They must verbally pass the
required information by phone to the Coast Guard, who must
key in their data and phone back the results. This method
is slow and typographical errors can make it an even longer
process. Adding to the problem are possible time-sharing
delays, explained by Fraley and Kem:
Due to the increased use of computers in all
aapecta of management, the number of usera
attempting to accesa the computer ias normally
quite large. Thia aaspect may then cause the
response time of non-dedicated remote computer
asyatema to be unacceptable in a time critical
environment. (2:4)
These authors conclude with the valid suggestion that
microcomputers offer a solution to this accessibility 7
(® problen. >:
As a final advantage of developing search planning

software for microcomputers, the Coast Guard has expressed

interest in freely offering/downloading thia software to
interested students/graduates on an "optional basia" to
maintain the skills they learned at the National SAR School

8).

Resesrch Objective ‘
The primary objective of this project is to design,
implement, verify and validate a microcomputer-based
aerospace asset search planning tool. The reason is to
generate answers much faster, and with greater accuracy,

than if manual calculations were used. e

1-6
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The other key objective ias to create a search planning
tool that is highly-tranaportable between different typeas of
microcomputers. This entails sub-objectives of keeping the
program(a) samall and writing it (them) in & high-level,
transportable programming language for microcomputers.
Therefore, the tool is divided into three progranms. This
keeps their compiled versions small enough to implement on
microcomputers having at least 64K random-access memory
(RAM) and one disk drive. The selection of programming

language is now described.

Programming lLanguage Selection

The choice of a suitable microcomputer language
offered these alternatives: BASIC, FORTRAN, or Pascal.
noat. microcomputers can be purchased todey with their own
géneric brand of BASIC (Beginner’s All-Purpose Symbolic
Inatruction Code) language. Unfortunately, noat
microcomputer BASICs are slower, interpreted or pseudo-
compiled languages. Interpreted languages translate each
program statement into a sequence of machine code
instructions which are executed before the next statement ia
translated. Thie method takes much longer to run than does
pre-translating the program into machine code (or *compiling
it”, as do Fortran and Pascal) ensbling instant execution.
Also, BASIC does not allow the use of mnemonic names to give

the user a clue as to a variable’s purpose in a progranm.

Worst of all, BASICs are often incompatible between computer

- S
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types, limiting their portability.

The FORTRAN (FORmula TRANslation) story is even more ;ﬁia
bleak. Those packages available for microcomputers are non-
standard subsets of FORTRAN 77, At time of writing only one Tiﬁ

software company (Digital Research) had announced

development of a complete, standard version of FORTRAN 77
for micros. However, this version dnly runs on IBM personal

computers upgraded (at user expense) to 512K RAM and is - A

L

scheduled to cost over ten times as much as the language

used in thias project.

By this process of elimination, Pascal was ultimately -
selected. This language was designed by Professor Niklaus ;}zi
Wirth of the Eidgenossische Technische Hochschule in Zurich, f#.ﬁ
19 Switzerland, and named in honor of Blaise Pascal (1623- :;;i
16625. the famous 17th-century French philosopher and ;fiﬁ
mathematician (6:2-3), Since first introduced in 1971, ;?ﬁi

Pascal has been applied to almost any task on computers and

13
D -

has received increasing attention and use in business and
academia worldwide. A recent Soviet journal reports:

Scientists of the Lithuanian Academy of Sciences’
Inatitute of Mathaenatica and Cybernetics,
Department of Systema Programming, aelected the so-
called Paacal language from aseveral programaing
. languages used by computera (for training
programmera). Thia language reflecta the main
concepta of programming rather clearly and \ia
highly-asuitable for training purposea . . . helping

(programmers) to master the fundamentals of
programaing nore quickly and easily.
(11:2)
: @ It is the only microcomputer language to meet the criteria
1-8
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of being readily-available, highly-transportable, and:
Pascal is trim enough to run in the 48K- to 64K-
byte memory limit thet characterizes (most perasocnai
computersa). It is samall enocugh to be easily
implemented, and ite trimness makea it syntax and
aemantica eaasy to apecify and relatively eaay to
grasp. (4:234)
Best of all, Borland International’as “TURBO Paacal"™ used in
this project comes complete with a 259-page User’s Manual
for only £49.95 retail (835 mail order). The attached
programs were written in TURBO on an Osborne personal
computer and readily compiled and executed under Standard
Pascal (Jensen and Wirth 1rules) on a DEC VAX 11-780
mainframe.

As such, this project’s three programs for aerospace
aaset asearch planning were developed to run on a mirimun
ayaten conaisting of at leaat a 64K RAM-equipped
microcomputer with one disk drive. The wuser need not
purchase TURBO to compile and execute the programs, if a
pre-compiled (compiled for a specific type of personal
computer) copy of these programs is acquired. The only
software needed to execute the compiled programs is the
user’s microcomputer operating system. However, if a pre-
compiled version is unavailable, the Borland product must be

acquired and the source code listed in Appendix D must be

keyad in and compiled to run.

Scope of Project

The scope of this project 1limits validation of

1-9

R TR UL N S SO UL YT TR AR NIE SN S AT S . Lot e PR DI
T e e S A N N e e et e T e e e e




=S

|}

4 ¥
P

40

......

Ngtional SAR Manual search planning methodology, whicl. is

applied herein to microcomputer programming to calculate the
smallest, feasible search area with the highest probability
of locating missing aerospace objects over land or in the
water. The algorithms incorporate the National SAR School’s
manual search planning method, making no attempts to verify
the accuracy of formulae, graphs, or nomographs the Coast
Guard has relied on and updated over many years of
successful search and rescue experience. As such, they
address: aerospace drift; calculation of average winds
aloft; sea, wind, and leeway current drifts; calculation of
average surface winds; minimum, maximum, and DATUM_minimax
position determination; and, calculation of search area.
These areas fit into the overall search planning methodology

structure as shown in Figure 3.

1-10

.......................................................

__________
- LR

-

»
PURSE ST §

.......
.......




R 2 S

(e

DRI

1. Awareness
2. Initisl Actiona
3. Planning > PLANNING STAGE
4., Opersations I
S. Mission Conclusion l
|
|
DATUM Determination
|
|
| l
AEROSPACE SURFACE
INCIDENT INCIDENT
| |
Calculate Aerospace Drift i
l l
Calculate Average Winds Aloft |
I l
Determine Surface Position |
| l
I
Determine Sea Current Drift
i
Determine Wind Current Drift
i
Determine Leeway Drift
l
Determine Minimum Total Drift (Dmin Position)
|
Determine Maximum Total Drift (Dmax Position)
|
Determine DATUMminimax Position
|
Determine Search Area
Figure 3. SEARCH STAGES
1-11
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Chapter 2

Software Package Design

Qverview

Software engineering practices (discussed in Chapter
3) were used throughout the development of the attached
microcomputer package. Top-down design (breaking a larger

problem into smaller pieces for solution and coding) led to

the modular development of three programs. This research
effort uses top-down program design methodology. Actual
coding follows, emphasizing simplistic structures for

program clarity to enable simplified modifications by
individuals having 1limited Pascal programming experience.
Then comes debugging, testing with USCG-supplied problems,

and, finally, drafting of documentation (User’s Guide).

Slicing Problem Into NManageable Pieces

The 64K RAM restriction set on available microéomputer
memory and limited magnetic disk storage space forced the
overall problem to be subdivided into samaller units of
manageable size with the added advantage of faater
individual modification and re-compilation times (see Figure
4. Thie search planning implemented in one conprehensi;a
program would not f£fit most microcomputer memory or disk
storage apacea. In particular, the ideal diak would have to

atore source (183K) and compiled (112K) code, as well as

leaving approximately 10K sapace for input/output record
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PROGRAM SOURCE COMPILED TOTAL TOTAL

NAME CODE CODE LINES PAGES
AeroDrift 67K 38K 1468 27
SurfaceDrift 81K SOK 1839 34
SearchArea 35K 24K 777 15

TOTAL 183K 112K 4084 76
Figure 4. FINAL SEARCH PLANNING SOFTWARE STATISTICS

files created during program runtime. Additionally, the

disk would have to reserve editing/ updating space equal to

the size of the source code -- a total of 488K. For
comparison, Osborne microcomputer single-sided, double-
density (SSDD) disks are limited to 183K usable storage
space, while single-sided, single-density formats are only
92K. The attached software f£fills most of two Osborne-
formatted, SSDD disks, leaving approximately 65K for
generated files and partial editing space.
Hodular Program Development

This technique simplified coding and allowed easijier

+ verification, debugging, validation, and later nodificatio;.
It also eliminated a design limitation in the Borland TURBO
Pascal package. Program sizes always exceeded the maximun

size the Borland product could compile in memory at one time

(approximately 20K, depending on code and data sizes). By
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chaining modules and compiling to disk instead of memory
(optiona available in the Borland product), no complicationa
aroge from the compilation of programs with source code
larger than available RAM (64K). This is because modules
were individually-compiled to disk instead of simultaneously
compiling in memory before recording on disk.

The three programs that make up the search planning
package are: Aerospace Drift Determination, Surface Drift
Determination, and Search Area Determination. Theae
programs and their modules will now be discussed in more
detail (Reader understanding of Natjonal SAR Manual search

planning methodology ia assumed).

Aerospace Drift Determination Program

The Aerospace Drift Determination program has three
possible paths of flow (SAR object glides only, parachutes
only, or, glides then parachutes to the surface). No matter
how it reaches the surface, the search object is displaced
from ites initial incident position by the vector saum of
various wind directions and velocities and different
altitudes (ses example in Figure 5).

The Aerospace Drift Determination program calls sub-

modules in the order shown in Figures 6, 7, and 8.
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| ~-AeroSpaceWinda Program
:-> | -AeroPoaition
: :-> VerifyDTG ;
: :-> ChuteData ]
| I (Drift Method = PARACHUTE ONLY; SEE BELOW)
: :-> GlideData L
| | (Drift Method GLIDE & PARACHUTE; SEE BELOW)
: i->  1-GlideData .
: :—> |-AeroGlide _;
: :-> I -InputWinde '“;f
:' : : -> I-VerifyWinda ';j
: : : :-> WindChart -5
: : t->  1-WindDrift ‘j
: : 1-> GlideOrChute :
: : :-> AddVectors
: :-> AddVectora (Optional) )
:-> WriteToDisk 'f
)
Figure 6. FIRST PATH: DRIFT METHOD = GLIDE ONLY - j
-
]
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| ~AeroSpaceWinds Progranm
I
{ 1=> | -AeroPosition

| |

F I-> VerifyDTG

- |
t-> GlideData

| (Drift Method = GLIDE ONLY: SEE ABOVE)

l

t-> GlideData

| (Drift Method = GLIDE & PARACHUTE; 3SEE BELOW)
!

I=> | -ChuteData
:-> | -InputWinds
:-> |-VerifyWinds
' I-> WindChart
:-) 1-WindDrift

I-» GlideOrChute
l

|- AddVectors
|

{-> Ejection
I

i
1
{
l
|
(
|
{
i
l
|
|
1
[ | |
[
i
|
|
|
|
|
|
|
[
| i-> AddVectors (Optional)
l
|

=-> WriteToDisk

Figure 7. SECOND PATH: DRIFT METHOD = PARACHUTE ONLY
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i -AeroSpaceWinda Program
|

1=> | -AeroPoaition

I t

1=-> VerifyDTG

i

1-> ChuteData

i (Drift Method
l

i-> GlideData

| (Drift Method
|

I=> |-GlideData
1
1=> | -AeroGli
|
1=> 1-1
1 t
1->
|
|
|
t=>

]
v

t=> 1-Wi
|
1->
l
1=>
|
t=>

->» WriteToDiak

PARACHUTE ONLY; SEE ABOVE)

GLIDE ONLY; SEE ABOVE)

de

nputWinds
i-VerifyWinds
:-> WindChart
|-WindDrift

|

I-> GlideThenChute
|

I-> AddVectors

-> AddVectora (Optional)
Ejection (Optional)

-> AddVectore (Optional)

ndDrift
GlideOrChute
AddVectors

AddVectora (Optional)

2-7
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PROCEDURE

AddVectors

b AeroGlide
AeroPosition

ChuteData

Ejection

GlideData

GlideOrChute

Aerospace Drift Program Module Deacriptions

When given the X and Ycomponents from
procedure VectorComponents, this
procedure calculates resultant vector
bearing (AvgWindFrom) and magnitude
(ReaultMagnitude).

Asks user for aerospace object glide
information, if applicable.

Asks user for last known time and
position of an aerospace object.

Gathers additional information
concerning the aerospace object’s
parachute deacent before commencing
calculationa,

If aerospace object(s) of interest is
a (are) pilot(s) or astronaut(s)
ejecting from a crippled vehicle, this
procedure aska the user for the
(judgmental) performance-type of
vehicle. Then it sets the ejection
distance equal to the standarda for
that type of vehicle as preacribed in

the National SAR Manual (10:8-8).

Gathers additional information
concerning the aerospace object’s
glide before commencing calculationsa.

This procedure is used if the
aeroapace object only glidea (or
falla), or parachutes (after, or 1in
lieu of, gliding) to the aurface.
It’a purpoase ia to find the altitudes
halfway between each altitude for
which a wind direction and velocity
have been reported.

It begine with the next higher
altitude windas reported above the
surface level winds, and endas with
that mid-altitude that is greater than
or equal to the altitude at which the

2-8
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Aerospace Drift sub-modules accomplish the following tasks:

........




GlideThenChute

InputWinds

VerifyDTG

VerifyWinds

WindChart

WindDrift

descent began. It then uses thece
mid-altitudes to determine the
affective wind component velocities on
the descending aeroapace object
(10:8-10).

Thia procedure is used if the
aerospace object glides (or falls) to
a lower altitude at which parachute(a)
open to salow it‘’a descent to the
surface. It’a purpose ias to find the
altitudea halfway between each
altitude for which a wind direction
and velocity have been reported. It
begina with the mid-altitude that 1ia
lower than or equal to the
parachute(s) opening altitude, and
ende with the mid-altitude that is
higher than or equal to the altitude
at which the descent began. It then
uses these mid-altitudes to determine
affective wind component velocities on
the gliding (or falling) portion of
the aeroapace object’sa deacent
(10:8-10) .,

Queries user for altitudes at which
the aeroaspace-object begina to fall or
glide, or to deploy parachute(a).
Then it asks for wind directions and
velocitieas at those altitudes through
which the object descends. The user
is allowed to verify/change any input
data before it is used in determining
the resultant drift vector bearing and
magnitude.

Verifies legitimate date/tima/group
data input.

Allows user to change wind altitudes,
directions, and velocities, entered
below in procedure InputWinda.

Prints keyboard-input wind altitudes,
directiona, and velocitiea, on the
video screen for user verification.

Determines the resultant drift vector
bearing and magnitude.

2-9
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UriteToDisk Prints out record of search planning
inputs and calculations from this
progran,

urfa [ n rogra
Over time, the search object is displaced from its
initial surface/splash-down position by the vector sum of
leeway, sea, tidal, and/or wind current directions and
velocities at different times and locations (similar to the
example presented in Figure S above). The Surface Drift

Determination program calls sub-modules in the order shown

in Figure 9.
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1->

[}
v

[}
v

|
v

1
v

U
v

U
v

|-Surface Drift Program

i -SurfacePoaition
|

1-> VerifyDTG

i

I=->»> VerifyDTG

| -WindPerioda

{-PeriodTimes

:-> DaysInMonth (Optional #1)
:-> DayelnMonth (Optional #2)
:-> DayalInMonth (Optional #3)

i-InputSeaWinds

|-WindLatCoeffs
:-> |-VerifyWinds
:—> WindChart
:-> WindChart (Optional)

| -WindCurrent

!

I-> AddVectora

t

1-> AddVectora (Optional)

| -AvgSurfaceWind
|
I-> AddVectors

-------

-> i-LeewayDrift
:-> DriftDirUncertain (Optional)
. -> | -SeaCurrent
1=> {-Datum
:-> I-WriteToDisk (If program used)
:-> RecordCurrenta
Figure 9. SURFACE DRIFT DETERMINATION PROGRAM FLOW CHART
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Surface Drift Progrgm Modyle Descriptions
Surface Drift Determination sub-modules accomplish the

following taaka:

PROCEDURE TASK

ccccamam=s cemmmce—- g g g S . J

AddVectors When given X and Ycomponents this
procedure calculates reaultant vector
bearing (AvgWindFrom) and magnitude ]
(ReaultMagnitude).

AvgSurfaceWind Determines the average surface
(leeway) wind blowing on the search
object’s exposed area above the
ocean’s aurface. T

Datunm Determines the Datum Drift Vector (Min 4
and MNMax, if applicable) from the
vector aum of all previoua aurface
drift vectora.

DaysInMonth Given the month, determines the number
of days in that month, including a
check to see i1f that month is a leap-
year-February with 29 daysa.

DriftDirUncertain Used by procedure Leeway (if driit
rate and time are known with T
certainty) to calculate minimum and R
maximum leeway drift direction. ]

InputSeaWinds Queries user for ocean surface wind
directions and velocities.

LeswayDrift Calculates the total leeway drift
direction and distance (10:8-13
through 8-15).

|
A

PeriodTimes Determines the day and hour for which . -
wind directiona and velocitiea are - e
required in the eight intervala of "
each period to calculate each period’a
ocean surface wind current component
vector (10:8-16b).

“ PR . P
PHIP G RARAAPSPU PY G LGP S P It

RecordCurrents Called by procedure WriteToDisk;
Prints out record of Wind and Sea
Current vectors or Obaerved Total-
Water Current vector, as applicable.
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SeaCurrent

SurfacePosition

VerifyDTG

VerifyWinds

WindChart

WindCurrent

WindLatCoeffs

WindPeriods

writelns

WriteToDisk

...............
EIAEIRARN

........

Determines the sea (or alope) current
affecting aearch object drift, and,
queries user for total observed water
current vector, if known.

Asks user for the last known and the
desired Datum times and positions of a
search object on the ocean‘’as aurface.

Verifies legitimate
data input.

date/time/group

Allows user to change ocean surface
wind directions and velocities entered
in procedure InputSeaWinds.

Prints keyboard-input wind coefficient
directions and velocities on the video
acreen for uaer verification.

Uses vector addition to calculate the
reaultant wind current vector
direction and magnitude for each
period and for the sum of all period
vectora.

Queries user for Wind Latitude
Coefficient Vector directions and
velocities from National SAR Manual

tables (10:8-16c through 8-16d).

Given the last known surface position
time, and the hours elapsed from then
until the deaired Datum time, thia
procedure determines the number of 48-
hour wind-current-effect perioda, and
the number of houra (1 to 6) in each
period, required to calculate the
average ocean aurface current caused
by the wind.

Writes out a specified number of blank
lines.

Prints out record of search planning
inputa and calculationa from thia
program.

2-13

<« .\~~ . . . - .n.. o
. - e * .’ tL.e . ot e e
JURE U UNY S DRI AL S I R R

-AA_LL‘

L T



Search Area Determination Program
l The Search Area Determination program calls sub- -
modules in the order shown in Figure 10. .fij

| -Program: SearchArea
:-> I-Position

ol i

I-> i-AeroSurfVectors f
:-> I-AreaSe;rch -
:—> {-FindCoordinatea  :j
[ l :-> | -NewCoordinatea (Aerospace Drift Vector Poa.)
:—> | -NewCoordinatea (Dmax Surface Drift Poeition) '}
:-> | -NewCoordinateas (Dmin Surface Drift Positicn) 1

t
i1-> {-NewCoordinatea (Search Area Center Point) f
- I-> 1-FindXYaToCorner fﬁﬂ
> [ O
i 1-> NewCoordinates (Upper Right Corner Posa.) ;;4
t -4

|

|

[

|

|

l

I,

i ]
1

1

|

1

| Il->» NewCoordinates (Lower Left Corner Poa.)
|

i

->» |-WriteToDiak

Figure 10. Search Area Determination Program Flow Chart
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Search Area Proqram Module Descriptions

Search Area Determination sub-modules accomplish the - - d
following taska:

PROCEDURE TASK

AreaSearch Given the search object’s aeroapace
and/or surface drift vector(s), this
procedure calculatea the aearch area.

AeroSurfVectors Queries user for previously-calculated
Aerogpace and (Max & Min) Surface
Drift vectora.

FindCoordinates Calculates X & Ycomponents of
aerogpace and surface drift vectors _—
and sends them to procedure y
NewCoordinates for it to determine the :
search area center point i
latitude/longitude. Next, this

procedure creates two vectors (1 & 2),
90-degrees apart, and of length equal
to the search area’s radiua. It senda
4o these two vectors to procedure
FindXYaToCorner for it to calculate
the vectora’ X & Ycomponenta enroute
to procedure NewCoordinates, which Ry
finds the corner point .
latitudea/longitudes. '

FindXYsaToCorner Finda the X & Ycomponents of the
search-area-center-point-displacement-
vectors created by the calling -
procedure, FindCoordinates. Then, it T
passeas thease componenta to procedure S
NewCoordinates for it ¢to determine
search area corner point
latitudes/longitudes.

]
'
PPy

- NewCoordinates When given X & Ycomponents and a
reference latitude/longitude by the
calling procedures FindCoordinates and .
FindXYsToCorner, this procedure 3
calculates the updated position’s
latitude/longitude.

. . ' Sy
S POY T T S W ar )

Position Queries user for last known position
. ® latitude and longitude. 4
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writelns Writes out a specified number of blanx
linea,

Andinads

WriteToDisk Prints out record of error adjustments
to calculationa of aearch radius and
area.
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Chaptexr 3

Program Structure

Qverview

Chapter 2 declared the attached programa are deaigned
uaing current aoftware engineering guidelinea. Thia chapter
discusses these guidelineas and how they were used to make
this aearch planning asoftware accurate, maintainable,
reliable, and ‘"uaser-£friendly" (for users knowledgeable in

search planning methodology).

Software Engineering Guidelines

According to Ledgard in Pascal With Style: Programming
Proverbs, the mnoat important guideline in aoftware
development is the use of top-down design using modules:

Top-down programming has two distinct
advantagea. Firat, a programmer ia initially
freed from the confinea of a particular language
and can deal with more natural data atructures
or actiona. Second, it leada to a modular
approach that allowa the programmer to write

statements relevant to the current structurea or
actions. (3:13)

The mnodules are then thoroughly-tested before their
combination into the larger progran. The £final atep
involves progranm verification (testing) to pinpoint module

interface errors.

Jesting & Error Checking
Unfortunately, program testing only reveals the

presence, not the absence, of errors:
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Too often quantity of test data is
accepted in place of quality. The mere fact
.‘ " that a program worka on 50 teat runa meana
nothing {f those 50 aeta were not choaen
carefully. . . (The) objective muat be to aelect
values that cause the execution of all flow
patha through the program. (6:436)
In addition, the testing sequence should include boundary,
null, and illegal case trials.

Boundary case errors are uncovered by the input of
data which falls at the boundaries or extreme legal range
allowed by the program. For example, a calendar-date
program should be tested for accuracy in determining the day

J after the last day of different mcnths, 1last day of the
year, and last day of a leap year February (as is done by
Procedure DaysInMonth in the attached Surface Drift
(® program).
- In contrast, testing for null case error involves such
. tricks as the input of blanks or carriage returns where data
is requested by the program, or directing the proéram to
reference an empty data file. Such actions should not cause
an abrupt abort of the program run, although wrong answers
will be generated. To avoid null errors, the attached
programa are initialized with valid valuea, and, they often
;f - lock the user into a "repeat-until” loop until valid n;w
data is input. Also, there are no calls to external data
filea, empty or otherwise.

Finally, programs musat be checked for their

“robustness’” in handling illegal data entry. A robust
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program produces meaningful results (although not aiways
correct answers) from any input data set, even if that set
is illegal or improper. Since the three programs created
for this project request numerous data inputs from the user,
input errors are a certainty. The type of errors expected
are:

(1) Accidently typing the wrohg character.

(2) The input of a real number where an integer is

requested.

(3) The input of wind vector data out of sequence.

(4) Transposing the input of a date-time-group (e.gq.,

1200-25Z2 1/86 va. 2512002 JAN 1986).

Improper values accepted by these programs leads to
the "Garbage-In, Garbage-0Out” (GIGO> syndrome. To prevent
such an occurrence, “defensive praygrams’™ have been deaigned
with extensive error-checking for legal and plausible data
values. When data is requested from the user, format
examnpleas are provided. Then, user input is filtered through
“repeat-until" loops to ensure adherence to required format.
For example, the programs will not accept compass headings
outside of the 0 to 360 degree range, winda greater than 99

+ knots, or selection of option #4 when only three choices a;e
offered. In some cases, the programs will print an
appropriate error message, explaining how to correct and

reaubmit the data.
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Unfortunately, the design of the Pascal prograrnaing

language allows erroneous input of real numbers where

integers are called for. This action leads to an extremely
abrupt program abort. All data must then be re-input from
the beginning. However, since the search planning package

wag divided into three separate programs, data re-input and
execution time of any one is usually less than a minute for

experienced users with the required data readily-available.

Calculatjon Accuracy

Another problem over which there is no control is the
machine representation and manipulation of real numbers.
This leads ¢to incorrect fractional values and rounding or
truncation errors. For example, a computer having eight
binary place accuracy records the value "1/5" as 0.00110011,
or 0.1992 instead of 0.20. In this case, five times a fifth
equals 0.996! Therefore, checking for equality of real
values or successively multiplying or dividing then
introduces errors during program execution. Steps were
taken in designing the attached search planning programs to

minimize opportunities for the occurrence of these errora.

nmary Of esign Features
Other design features of attached programs include:
(1) Cleverness of expresaion waa alwaya aacrificed
for expression clarity and simplicity.

(2) Mnemonic variable names correspond with those

3-4
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used by the USCG National SAR School, even at the expencsa of

having some names 18 characters in length.

1¢<H) Veriable prefixes and suffixes are standardized
(e.g., different types of wind’s directiona, velocities, or
distances covered, always use the terms "Brg" (Bearing to),
"Dir"” (Direction from), '"Spd” (Speed), or “Dist"™ (Distance)
in their mnemonic nanme).

(4) Comments to assist program readability and
modification are used extensively:

- Comments just prior to procedure declaration

describe their purpose.

O A SR | Aty M

- All variables names and functions are comment-

defined in the appropriate *"Var® and "Conat" sections.
|® - All "Begin” and "End” paira are matched using

comments.

- Any statement whose intent ia not obvious is

deacribed.

COETTTITTRY T

(5) To enhance program clarity:

;: - Each line is numbered (non-standard for Pascal).

‘,‘\"w.—v' v -

- Only one statement per line is allowed (except for
" variable value initialization).
E? . - Multiline satatements are indented 8o that
? structurally-related clauses are aligned.
g: (&) Following each of the three source codes in
;i Appendix D are tables of the mnemonic variables and Pascal
g. * functional operators wused by each progranm. These tables
3-5
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also include a complete, cross-referenced listing of line
numbers on which each variable and operator appears. These
*Variable & Operator Cross-Referenced Listings®™ are provided
to further enhance software understanding and aid
modification efforts,

(7) All input wind altitudes, directions, and
velocities are reprinted back to the user for verification
and update, if necessary, before being used in program
calculations. The only exception are those wind current
wind times, directions, and velocities requested by the
largest of the three attached programs -- Surface Drift
Determination. Unfortunately, there was only enough
microcomputer memory space remaining in the Surface Drift
program to verify this data, or to verify the requested Wind
Latitude Coefficient Vector directions and magnitudes.
Since the Latitude Coefficient data is more complex, it
appears the 1likeliest candidate for typographicei input
error. For thia reason, it waas aselected to £ill the
remaining verification space. Therefore, the user nmuat
exercise caution to carefully input wind current wind data
the firat time. Any errors will require the user to
terminate that program run and try again.

(8) The attached search planning programs request
somae input from the user that is not fully tested for error.
An example is the query for the search object’s last known

position date-time-group (DTG) in the first program --
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Aerospace Drift Determination. Although the DTG formar ia
checked to confirm the date falla between 1 and 31 and the
hour between 0000 and 2300, the date is not correlated with
the month. For example, *3114002 Feb 1984" (or '2:00 P.M.
31 Feb 1984 -- 31 days in February!) is entirely acceptable
by the progranm. Why? The DTG is not used in any
calculations in this particular program, but only for final
output file reporting purposea. Therefore, acarce
microcomputer memory space was conserved by relying on the
user to avoid logic or typographical input errors, while
maintaining the his/her ability to recognize such simple
errors, should they occur in the final output disk file.

18- D) “Goto" statements were not used to avoid
unconditional transfers of control thereby enhancing program
readability.

(10) The use of global vs. local variables was abused
in designing the attached programs. Why? Calling eriables
“by location” wuses much less of the scarce microcomputer
memory than ‘call by value'” routines. Also, after all user
input and computations are completed, most program variables
must be written to an external record/file to serve as a
“calculations-audit trail.' Making these variables global
allowed for a simple, "WriteToDisk" procedure to create the
required record.

(11) All three attached programs take advantage of a

non-standard Pascal feature of Turbo Pascal ~- a built-in
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command/procedure called "CLRSCR" for clearing the video
screen whenever desired. For these programs to run properly -
under standard Pascal rules, these "CLRSCR™ commands should
be globally replaced with the command "writelns(24)'". This
command calls on the predefined procedure Writelns included
in all three programs. The unit *“24" informs this procedure
to print 24 blank lines on the output device (monitor or
printer), essentially clearing the screen just as *“CLRSCR"

(although not as briskly).

Valjdation/Verification

The goal of verification and validation was to test

the programs to ensure they perform aa expected, providing

. valid and correct output from legitimate input cata.

‘ Verification of the attached programs was accomplished 1in
two ateps.

Individual modules were first tested and re-tested
during the design phase to duarantee they accurately
performed only those functions they were created to do.
Input and output test data came from two scenarios piovided
by the Coast Guard. Once the modules passed these
preliminary inspections, they were combined to form the
overall program. This program was then subjected to
additional testing to verify it still worked as desired --
grinding out identical answers to those supplied by USCG.

Confirming program "correctness' under a varijiety of IRl

test conditions, or “validation,” was generously
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accomplished by the Coast Guard. The attached progqrams were

downloaded to their Convergent Technologies C-3 Data -
System mainframe computer system in New York in September of :
1984. Then, National SAR School faculty members ran t}iﬂ

numerous school and real-world problems to test program
limits and accuracy. The result -- in each case the search
planning software performed flawlessly, generating anawera

identical to those expected.
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Chapter 4

Epilogue

(=] sio

The initial intent of this thesis effort was to create
fast, reliable, and accurate, microcomputer-based, search
planning software to be used to maintain the skills of those
SAR planners/National SAR School graduates patient enough to
retype (and compile) the sasource code from free copiles
provided by the SAR School. From this meager beginning, the
three programs generated by thia effort developed a life of
their own.

The great breakthrough came with the creation of an
electronic pathway between the C-3 mainframe computer ‘used
at almost every Coast Guard base) and the Osborne
microcomputer during the author’s visit to USCG Governor’s
Jaland, New York. This allowed tranafer and subsequent
compilation of the aearch planning software, with the
inherent advantageas of:

(1) National SAR School faculty members had around-
the-clock access on their own office terminals to the search
planning software created by this thesis effort. This
access enabled them to verify and validate this software, as
well as make valuable modification recommendations before
the final version(s) of the three programs were released.
(2) Search planners/National SAR School graduates would not

be forced to retype the +65-pages of source code (which

4-1
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would certainly discourage widespread dissemination of the

] software). Instead, they could now download the source code
directly to disk (in secondsa) or via modenm

telecommunicationa to their microcomputera (in minutea).

A Ml oal ol

| 3) The first of the three attached progranms, )
Aerospace Drift Determination, suddenly achieved great
significance upon the discovery that the Coast Guard’s

- commnercially-procured, surface search planning software
(CASP) lacks the crucial capability to determine aerospace
drift (glide, fall, and/or parachute winds) vectors. USCG

[ National SAR School faculty members spoke of using this
program for more than just refresher training purposes.

The only unavoidable complaint directed against the

nN

(® attached software was actually a criticism of the
programming language used. SAR School faculty members
disliked the abrupt way in which programs aborted when a
‘ fatal Pasacal error was input (e.g., input of a character ) ’1
where an integer was requeated -- this particular problem 4
was corrected by module redeaign and a change of input ‘555

’ variable type).

eCORRenda o urther I} (o] .

None. This is not to assert the design of the

-
e Aans’ 2 b

attached software could not be improved. However, such
embellishment could easily exceed scarce nicrocomputer T;q
memory limits, thus violating the prime objective of this

entire effort. R
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The only feature which could be added to the attached
package is search area “"Effort Allocation” -- dividing the
asearch area into sub-areas suited to the capabilities and
duration of each avajilable search craft and having the
highest probability of containing the search object.
However, optimal effort allocation involves the capebility
of weighted multi-criteria decision~nak1ng and geographic
map generation, both of which are better suited for
mnainframe computer implementation due to the large amounts
of memory and processing required. In fact, the Coast
Guard’s mainframe CASP program does both in an effort
allocation program far beyond the reach of current

microcomputer ~apability (8).
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Appendix A

DEFINITION OF TERMS

Glossary
AEROSPACE ASSET - Any object of value which operates in or
pasaea through the Earth‘’a atmoaphere, e.g. aircraft,

apacecraft, debria of aame, pilota, aatronauta, etec.

AEROSPACE DRIFT - The ground distance an aerospace asset
could poaaibly cover during itas deacent.

AEROSPACE POSITION - The initial position of an aerospace
asset at the time of reentry, engine failure, or aircrew
ejection/bailout

BAILOUT TRAJECTORY - Momentum imparted in the direction of
travel by an aircraft movement upon an airman who haa
ejected or bailed out.

CONFIDENCE FACTOR - Values ranging from 0.125 to 0.375 used
to obtain drift error. Confildence factor ia the aearch
plannera estimate of how reliable hia/her information is in
terms of initial distress position, sea current, wind

current, and leeway. I1f one or more of theae factoras are
poorly defined, confidence is low and a value of 0.30 is
used. If all four factora are known with high certainty, 2a

value of 0.125 ia used.

CRASH - A landing in which the vertical velocity is so great
and the time spent in reducing it to zero is so brief that
the acceleration and hence the forcea acting become ao great
as to reasult in atructural failure.

DATUM - The probable location of the search object corrected
for drift at any particular moment during the mission.

DATUM MINIMAX - The datum point established midway between
the resultant minimum drift position and the resultant
maximum drift poasition.

DEAD RECKONING - Determination of one‘’a position by
monitoring course and adding the additional displacement
&ince passing lasat position. This displacenment is
calculated by multiplying one’s apeed by the time elapsed
since passing laat poaition.

DRIFT - The vectorial movement (direction and distance) of
the search object caused by momentum, drag, wind, water, or
other external forces.
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HEADING - The horizontal direction in which an aerospace or
aurface aaset ia pointing/moving.

INDIVIDUAL DRIFT ERROR - Individual drift multipliea by
Confidence Factor.

INITIAL POSITION ERROR - The assumed error of the initially
reported position of a asearch and reascue incident.

KNOT - A measurement unit of speed equivalent to one
nautical mile per hour.

LEEWAY - The movement of a search object caused by being
pushed through the water by local winds acting against the
exposed aurface of the object. Thia motion ia diatinct fron
the effect of the wind on the aurface current (aee WIND
CURRENT on next page).

LAST KNOWN POSITION - The position last witnessed, reported,
or computed as a dead-reckoning poaition from a previously-
reported and reliable position of the search object.

PARACHUTE DRIFT - The combined drift of parachute glide
ratio and ita diasplacement due to winds aloft while the
parachute ia deacending.

SAFETY FACTOR - A factor used to increase Total Probable
Error to a length that insures greater than a S0%
probability that the object ia in the calculated search
area.

SEA CURRENT - 1. Current present in the open sea caused by
factoras other than local winda (combined with wind "current
to form total water current in oceanic areas): 2. The
permanent, large sacale flow of ocean watera, also called
"alope current.” Not usually computed for an incident of
leaa than four hours of drift, unleas the target is in a
relatively high apeed current area asuch aa the Gulf Strean.

SEARCH AND RESCUE/RECOVERY - The employment of available
pergonnel and facilities in rendering aid to persons and
property in distreas.

SEARCH AREA - That area calculated to contain the search
object and subject to intensive acrutiny. Because there are
few search patterna which are eaaily adaptable to a circular
aearch area, a equare is circumacribed around the first

search circle. Thua a square search area with aidea equal
to twice the aearch radiua and centered at datum ia
eatabliashed.
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. , SEARCH CRAFT ERROR - Error introduced by the less than 100%
g navigational accuracy of equipment inatalled aboard apecific
| typea of aearch craft,

SEARCH RADIUS - The radius of a circle centered on a datum
peint. It haa a length equal to the Total Probable Error
plua an additional aafety length to inaure greater than 50%
probability that the object ias in the asearch area.

SET -~ The compass direction towards which a current flows,
or the direction an object moves under the influence of wind
and/or current.

SURFACE DRIFT - The vector sum of the average sea current,
wind driven current, and leeway.

SURFACE POSITION - The surface position (in latitude and
longitude) of the search object on the Earth’s surface.

TIDAL CURRENT - Water currents influenced predominantly by
CJ reversing, coastal rotary, or river currents, or their
combinationsa.

TOTAL DRIFT ERROR - The sum of all individual drift errors
during a certain time interval.

'K J TOTAL PROBABLE ERROR - That error in datum within which it
is assumed there is a 50% chance that the search object is
located. It is the square root of the sum of the squares of
the Total Drift Error, the Initiel Poaition Error, and the
Search Craft Error.

VECTOR - A quantity having both direction and magnitude.

WIND BEARING - The compass direction toward which a wind {is
blowing.

WIND CURRENT - The current generated by the wind acting upon
the surface of the water for a period of time, affected by
the wind’as velocity and duration.

WIND DIRECTION - The compassa direction from which a wind is
- blowing.

Acronyns
AFIT - Air Force Institute of Technology

AGL - Above Ground Level (altitude)

AFM - Air Force Manual




CASP - Computer-Assisted Search Planning
- COMDINST - USCG Commandant’s Instructions (regulations) =T
Dmax - maximum Drift distance

Dmin - minimum Drift distance

'J'."-,cn

DTG - Date-Time-Group (e.g. 2910002 Jul” is equivalent to -
July 29th at 1000-hours zulu time.)

ETA - Estimated Time (of) Arrival
FM - (USA) Field Manual i
?; GIGO - "Garbage-In, Garbage-Out® (computer proverb)

KM - Kilometer

LKP - Last Known Posgition

MINIMAX - Point halfway between maximum and minimum o
MSL ~ Mean Sea Level (altitude) 'jjﬂ

NAUT - Nautical mile

e
RAM - (Computer) Random Access Memory (space) j
SAR - Search and Rescue/Recovery N :
SSDD - Single-Sided, Double-Density (magnetic disk) . ;;i:
TAC - (USAF’s) Tactical Air Command : T

USA - United Statea Army
USAF - United Statea Air Force  ¥¥@
USCG - United States Coaat Guard
USN - United States Navy

Xcomponent - The horizontal component of a vector uaed in
vector addition !

Ycomponent - The vertical component of a vector used in iiﬁ“
vector addition "
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Appendix B

SOFTWARE USER’S GUIDE -

I T S I

Qverview

Aeala_a s

The purpose of this guide is to provide all the

information a user needs to employ the attached aerospace ) !

asset search planning programs properly. The user must have

a microcomputer equipped with a minimum of 64K RAM and one

e~ Ammna_a

disk drive. The three programs generate input/output data
record files during run-time which easily fit any standard
80-column-width printer at ten charactera-per-inch (no *“line
wrap-around®). These search planning progranmns are
recommended for training use only, especially if human life

is at risk. Also, due to the possibility of undetected w_;
(@

errora, user’s should be totally familiar with search

planning methodology before attempting to use thia software

(completion of the USCG National SAR School search planning

courae ia highly-encouraged).

Software Purpose

The attached programs provide the user with the

necessary automated tools to complete search area planning

. for missing peraona or aeroapace objecta in the Earth’s moat
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complex drift environment -- the ocean. The first program

e

calculates drift forcea on a falling, gliding, or

parachuting aerospace object to determine the displacement

% A 4 vector from its last known coordinates. The second program -
P
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calculateas wind current, sea current, and leeway arift

forces on a surface object to determine the maximum and
minimum displacement vector from its last known position.
Finally, the third program combines previously input data
.I and computed vectors to determine the center and four corner f 
points of the search area with the higheat probability of

containing the missing person(s) or object.

Data Required

To calculate these drift vectors and the search area,

the programs request specific data inputs from the user.
:, Each program requests different data with some duplication
for continuity. A detailed description of the input data

jo required for each of the three attached programs follows. —

N ospace £t Program Input
;j In the Aerospace Drift Program the user will be asked
for:
(&) Last known aerospace position and time (month,
year, date-time-group, latitude, and longitude):
(2) Surface altitude or terrain height;
(3) Altitude (Incident altitude) at which the object
* began it‘’s glide, fall, and/or parachute deployment, ;a
applicable:; o
14) Altitude 1lost during glide, fall, and/or ;ki
% parachute deployment, as applicable;

(S) Object’s glide ratio, descent heading and rate, e

B-2

..........................................
.......................................




AR b S SR v T Cliadk-adh Sauin o Senth Bagt /e o P ———y - CEMaB Segy e A 2 T -

as applicable;
(6) Wind directions and velocities at every reported
level up to incident altitude (plus one or two more above

it) with the opportunity to verify or change the input

before committing it to internal calculations;
7) Parachute drift distance and chute descent rate

from National SAR Manual tables, if applicable (10:8-11

Y; through 8-12); and,
8) Whether the aerospace object was a medium- or

high-performance jet aircraft (as defined by the National

SAR _Manual) to determine pilot/crew ejection distance, if
applicable (10:8-8).

Once the run is complete, the Aerospace Drift progranm
creates an external text file ("calculation audit trail®*)

naned “AERODATA"” detailing user inputs and program outputa.

Surface Drift Program Inputs

In the Surface Drift Program the user will be asked
for:

(&9 Laast known surface position and time (month,
year, date-time-group, latitude, and longitude):;

(2) Desired (Datum) asurface search time (month, year,
date-time-group);

(3) To confirm the search object is more than 20
miles (32 km) off shore in water greater than 100 feet (32
i) in depth as prescribed for thie search planning mrethod
by the National SAR Manual (10:8-16a);

B-3
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(4) Approximate hours elapsed from last kaown
position time to search initialization;

S) Sea wind directions and velocities (reported at
0000, 0600, 1200, and 1800 Zulu time) for at least a 48-hour
period from last known position time to search
initialization time (User must exercise caution to input
this particular data correctly the first time. It is not
echoed back for user verification and update due to scarce
microcomputer memory limits. If an input error is made,
followed by a carriage return, the user must manually abort
and rerun the program to obtain reliable calculations.);

(6) Wind latitude coefficient directions and
magnitudes for the appropriate latitude from the National
SAR Manual (10:8-16c through 8-16d) with the opportunity to
verif& or change the input before committing it to internal
calculationa;

7) Choocase from drift rate, drift time, or
directional drift uncertainties. Then input minimum and
maximum leeway drift speeds, minimum and maximum hours of
drift, and/or the maximum expected drift divergence angle
(from the National SAR Manual), as applicable (10:8-15);

(8) Sea current drift direction, velocity, and
published source of information (10:8-161 through 8-163);

(9) Total observed water current, if applicable;

and,

e
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(100 Tidal current direction and velocity, if
applicable (10:8-22),.
Once the run is complete, the Surface Drift program creates
an external text file ("calculation audit trail”) named

“SEADATA® detailing user inputs and program outputs.

earch ea Determ on Pro n uts

In the Search Area (Determination) Program the user
will be aaked for:

(1) Last. known surface coordinates (latitude and
longitude);

2) Previously-calculated total aerospace drift
direction and distance, if applicable;

(3) Aerospace drift error confidence factor from the
National SAR Manual (10:8-27);

| (4) Sum of previously-calculated drift errors, if

applicable;

3) Previocusly-calculated minimum and maximum total
surface drift direction and distance;

(6) Plotted diatance between these aurface drift
poaitiona:

(7) Surface drift error confidence factor from the
National SAR Manual (10:8-27);

(8) Search object and search craft navigational fix
and dead-reckoning errors from the ona R

(10:8-29); eand,
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9 Whether this is the first through the <{ifth

search effort (to determine total probable error factor)

(10:8-32a through 8-32b).

Once the run is complete, the Search Area program creates an

external text file (“calculation audit trail*') named

“AREADATA" detailing user inputs and program outputs.

Software Majntenance Responsjibility

The author makes no express or implied warranty of any

kind with regard to the attached programs. This includes,

but is not limited to the implied warranty of fitness for

any particular purpose. The author shall not be liable for

incidental or consequential damages in connection with or

arising out of the furnishing, use, or performance of theae

programs.

Published changes to the National Search and Rescue

Manual or errors detected by users should be brought to the

attention of the author:

Captain D. R. Douglas, USAF
2065 East 3300 South
Salt Lake City, UT 84109 ,

who will make every effort to update or correct the attached

software and re-release it to public dormain under .a

different version nunmber. The attached "Microcomputer

Application of Aerospace Asset Search Planning®" programa are

released as versions 1.0 or 1.1,

.............
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Appendix C

SAMPLE PROBLEM / SOFTWARE DEMONSTRATION -

verview

dadnd ag b 0t

This section introduces a sample search planning
problem from the USCG National Search and Rescue School. ]
The data presented is then input into the attached progranms
and solutions generated to demonstrate software execution. ]

Appearing in brackets ( ) beside some of these progranm

Aok a4 a

solutions are anawers provided by the Coast Guard, as well
aa a percentage error difference between the two solutions
due to the previoualy-described internal rounding errors, . 3

etc. . For example:

(® Program aolution USCG aolution )
X = 0.950 {X = 0.974;: 2.464% error) -

Y = 0.892 (Y = 0.887; 0.0056% error) K

i

Sample Problem Introduction ' Y

Situation: At 10002, 29 April 1984 a distress call

was received from an ASAT-equipped (anti-satellite weapon),

Air Force F-15 jet fighter. The pilot advised he was
ejecting at 10,000 feet AGL (above ground level) in position
+ 39-15.0 North 64-30.0 Weat. At time of bailout, the pilot;a
high-performance aircraft was on an satellite interception
heading of 360-degrees Magnetic (348-degrees True,
accounting for magnetic variation of 12-degrees Weast at that

location). According to the parent command (TAC), F-15

c-1
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ejection seats are equipped with self-deploying, single-man,

j A orange life rafts with built-in drogue (sea anchors).
The first available search craft, an Air Force HC-130H
:; from the Aerospace Rescue and Recovery Service, will arrive
i on scene at approximately 291900Z Apr 1984 to begin the .
search. A Russian trawler has also signalled intentions to |

divert and provide assistance with an ETA (estimated time of

” arrival) in the incident area of 300600Z. )
The following meteorological data has been obtained '
for the vicinity of 39-15N 64-30W:

. -
) 2910002 UPPER WINDS FORECAST FROM WSFO, JFK, NEW YORK  5f

Surface 070/15 (070-degrees at 15 knots)
- . . T
g fo 3000 120/30 18000 210/25 o
) : 6000 130/25 24000 210720 ]
90C0 170748 30000 210/30 R
12000 165752 34000 215765 RN
- A
- m;;
i SURFACE WIND HISTORY/FORECAST FROM USAF AIR WEATHER SERVICE L
2700002 100715 2900002 040/25 .:f3
06002 070/18 06002 065720 SRON
" 12002 065710 12002 074/20 i
> 18002 080/20 18002 077718 o

2800002 040730 3000002 090710

06002 035740 06002 090720

12002 040/40 12002 065715 .

. 18002 045720 18002 050720
b USN Publication 1400-NA 6 for the approximate position -
: shows aea current set = 071-degreea True at 1.1 knots. S
f% Directional drift uncertainty ia asaumed with a leeway drift b
< divergence of plua-or-minus 3S-degreea (from the National -

SAR Manual).
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Use the attached programs to determine:

(1) Average winds aloft

(2) Aeroapace drift vector

(3) Average Surface winds

(4) Wind current vector

(S) Leeway vector

(6) Maximum & minimum datum vectora

(7) Search area aize

(8) Search area center point coordinates
(9) Search area corner point coordinates

Sample Problem Program Runs

<< RUN FIRST PROGRAM: A EROSPACE DRI F T >
ININININININ/ N E W S C R E E N N/N/NIN/NININ

(lll.ll.ll!lII!!!Q..!"II.Q!Illl.lllﬂ'll'll..llll.IQ!'!'!Il!!!ll!llll!..ll.'l)

(= SEARCH PLANNING SOFTWARE (PROGRAM #1 OF 3) *)
(= TITLE: AERODRIF.COM (Aerospace Drift Algorithm) ®)
(= VERSION: 1.1 for CP/M Operating System )
(= DATE WRITTEN: Septeaber 1984 ®)
(» LICENSE: COPYRIGHT 1984 D. RICK DOUGLAS ®)

(llIlllllll!.lllll‘il!llQQQI!Q‘lll.lllllll!'lGllllllll!l.lIll’l!l..lll.l!!l!l)
The author makes no expreass or implied warranty of any kind with regard to
this program material, including, but not limited to, the implied warranty of
fitness for a particular purpose. The aithor shall not be liable for
incidental or conaequential damages in connection with or ariasing out of
furnishing, use, or performance of this program. The reader MUST HAVE a solid
understanding of aearch and reacue methodology before uasing thia asoftware in
making deciaiona where human life ia at risk. In fact, aince no amount of
teating can uncover 100X of prograam errors, thia program is recommended for
training use only. Prior attendance at the United Statea Coaat Guard’s
National SAR School is highly-encouraged.

(nassannannnanansnnannnnnsnnnet WARNING! soneannncansunsunasnuansnnasnannnssnn)
(= THIS SOFTWARE MAY BE FREELY-DISTRIBUTED PROVIDED NO FEE ®)
(= IS CHARGED AND THIS COPYRIGHT NOTICE IS RETAINED *)

(’I'l.l!llll"l"l!l!.l!!ll.!llllllll!lIllﬂlIll'll!!!'Q!IIIQRIIIQIIIII!QIIl..)

PLEASE HIT RETURN (Once or twice, as necessary) TO CONTINUE

(9]
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ININ/INININ/IN/ N E W S C R E E N N/N/N/N/NININ

This program calculates the initial surface position coordinates
(latitude/longitude) of a falling, gliding, or parachuting
aeroapace object or person. If these coordinatea are all ready
known, or the search object did not fall at leaat 500 feet, then
enter N to the next queation and proceed with other search
planning as outlined in the National Search and Reacue Manual.

Do you wish to continue with this program? (y/n) => Y
IN/ININININ/N/ N E W S C R E E N N/N/N/N/N/N/N

Please enter the number ‘for the month the search object was
at the last known position:

1 = Jan 4 = Apr 7 = Jul - 10 = Oct
2 = Feb S = May 8 = Aug 11 = Nov
3 = Mar 6 = Jun 9 = Sep 12 = Dec
MONTH=> 4

Please enter the year the search object was at the last known
position (e.g., 1983, 1986, etc.)
YEAR=> 1984

Please enter the day-hour-minute the search object was at the
laat known position. Enter it in 2 DTG (2ulu Date-Time-Group)
foraat. For example: 9:37 PM, August 4, would appear as
042137 Greenwich-Mean Time (2=0),

TIME (2 DTG)=> 291000

Was search object’s last known latitude north or south?
(Enter N or S) Answer=> N

Please enter the search object’s last known latitude

(For example: 25-Degrees 45-Minutes 13-Seconds = 25.4513)

LATITUDE => 39.15 .
Was search object’s last known longitude east or west?

(Enter E or W) Ansver=> U

Please enter the search object’s laast known longitude
(For example: 160-Degrees 45-Minutea 13-Seconda = 160,.4513)
LONGITUDE => 64.3

....................................................
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Please enter the surface level altitude or terrain height
(in feet) above or below mean sea level. Enter a zero if
altitude equala sea level, or, enter a negative altitude if
below sea level (e.g. Death Valley, California.).

) SURFACE LEVEL/TERRAIN HEIGHT => O

After receiving report of the search object’s last known
coordinates (lat/long), did the object fall or glide to a
lower altitude before parachute(a) opened or ground contact
was made? <(y/n) => N

After receiving report of the aearch object’a laat known
coordinates (lat/long), did the object successfully use
parachutes to descend? (y/n) => Y

Approximate (to the nearest 500 feet) at what altitude
above mean sea level (MSL) did the parachute(a) open?
(Enter a zero if deacent began below 500 feet AGL)
ALTITUDE=> 10000

INININININ/NY/ N E W S ¢C R E E N A\YAVAVAVAVAVAN

PLEASE ENTER REPORTED OR FORECAST WIND DIRECTION AND VELOCITY
FOR FACH KNOWN ALTITUDE WITHIN THE FOLLOWING CONSTRAINTS:

m

(®
‘ 1. You muat input the altitude, wind direction (0 to 360), and . ;1
velocity (0 to 99), from asurface level up to the altitude at o
which the power-off deacent began or parachute(a) opened,
whichever ia higher. You will then be asked to enter one
higher altitude for which wind data is known. Finally, you )
will be able to verify your input data before any L
computations are made. -
2. Altitudes must be entered in rounded thousands of feet, S
e.g., 3000, 7000, 12000, not 3500, 5200, etc. -

3. An example follows of input altitude/winds data format:

ALTITUDE
WIND DIRECTION
- WIND VELOCITY

HIT RETURN (Once or

D M

0 (Surface level); Enter lowest altitude firat!
330 .
25

twice, as necessary) TO CONTINUE -
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IN/NINININ/INY N E W S C R E E N A\YAVAVAVAVAVA

Begin altitude/wind data input starting with surface level winds:

ALTITUDE =0 .
WIND DIRECTION = 70 S
WIND VELOCITY = 15 e
ALTITUDE = 3000 -
WIND DIRECTION = 120 1
WIND VELOCITY = 30 ;
ALTITUDE = 6000 ‘
WIND DIRECTION = 130 1
WIND VELOCITY = 25
ALTITUDE = 9000 n
WIND DIRECTION = 170 ;
WIND VELOCITY = 48 ]
o
ALTITUDE = 12000 ‘
WIND DIRECTION = 165 :
WIND VELOCITY = 52

Enter data for just one more, higher altitude.

ALTITUDE = 18000 .
WIND DIRECTION = 210 S
WIND VELOCITY = 25 e
INININININING N E W S C R E E N \YAVAVAVAVAVAN ~;j%

1. Winds at 0 feet: 70 degrees at 15 knots

2. VWinds at 3000 feet: 120 degrees at 30 knotsa
3. Winds at 6000 feet: 130 degrees at 25 knots
4. Winds at 9000 feet: 170 degrees at 48 knots
S. Winda et 12000 feet: 165 degrees at 52 knots
6. Winds st 18000 feet: 210 degrees at 25 knots

Are these altjitudes, wind directions, and wind .
velocities all correct? (y/n) T (INPUT ERROR (INTENTIONAL)}
{CAUSES QUESTION TO REPEAT)

Are these altitudea, wind directions, and wind
velocitieas all correct? (y/n) Y

........
---------------

----------



TR TRy T

DA S Y Y

ININININININ/ N E W S C R E E N N/NININZNININ

Wind Dsta (Glide or Parachute Opening Altitude to surface level AGL)
With Velocity Components Calculated Prior To Vector Addition:

Winds at 18000 feet: 210 degrees at 0 knots
Winda at 12000 feet: 165 degreea at O knotsa
Winde at 9000 feet: 170 degreea at 120 knota
Winda at 600C feet: 130 degreea at 75 knots
Winds at 3000 feet: 120 degrees at 105 knota
Winds at 0 feet: 70 degreea at 15 knotsa

183.319 { 183.319; 0% ERROR)
-213.756 (-213.756; 0% ERROR])

Xconmponent
Ycomponent

The average winds aloft affecting the parachute drift of
the aeroapace object are bearing to 319 degreea at 28.2 knota.

Refer to the "Parachute Drift Table™ in the National
Search and Reacue Manual (approximately page 8-12) and
interpolate parachute drift diatance (in nautical milea)
from the published chart. For example: For a parachute
opening altitude of 3000 feet (915 metera) and winda aloft
averaging 15 knots, the parachute drift distance
interpolates to 0.675 nautical miles).

@ PARACHUTE DRIFT DISTANCE => 3.94

Refer to the "Parachute Descent Data Table" in the National
Search and Reacue Manual (approximately page 8-11) and
deteranine the parachute descent rate (in feet-per-aecond)
from the published chart. For example: A 28-foot (C-9)
eacape parachute at 7000 feet lowera a peraon at a rate of
21.4 ft/sec, while the three, 83-ft.-diameter parachutea
on the Apollo space capsule allowed for a 32.5 ft/aec
descent at thias aame altitude.
PARACHUTE DESCENT RATE => 21.4
Please enter descent or bailout heading, if known
(Enter 361 if not known). HEADING (0-361) =»> 348

;;. If serospace object is a pilot ejecting from a

Lo crippled aerospace vehicle, was that vehicle:

b

g 1. A turboprop or medium performance jet aircraft

o 2. A high-perforaance jet aircraft

t*. 3. Neither of the above

e

v ENTER A 1, 2, or 3 => 1

’ S

P 4 Xcomponent = -2,669 {-2.671; 0.0075% ERROR)}
Ycomponent = 3.480 ( 3.481; 0,0029x ERROR)

c-7
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IN/NININININ/ N E W S C R E E N N/N/N/N/NIN/N

A record of significant input and output data used during this
program run is atored in an external file named "AERODATA".

If you deaire to keep this record permanently, please renanme
file AERODATA before running thia program againt

o
.“

L
""
e
“
AR

<< FIRST PROGRAMNM OUTPUT >»
INININININ/INY N E W S €C R E E N N/NINININININ

Missing aerospace object/pilot(s) last known position: 39-15 North 64-30 West
Time: 2910002 4/1984 T

Bailout/Parachute opening altitude 10000 feet MSL

Surface level or terrain height 0 feet MSL . ]
Wind bearing affecting para-deacent 319 degreea True
Wind velocity affecting para-descent 28.2 knots

Parachute table deacent rate
Parachute drift table diatance
Ejection diaplacement

Total aerospace drift bearing
Total aerospace drift distance
Total time of parachute deacent

21.4 feet per second .
3.9 nautical niles
0.5 nautical miles P
323 degrees True :
4.4 nautical miles L
7.8 ainutes

4® Wind Data Used To Calculate Above Results: ) )
1. WVinds at 0 feet: 70 degrees at 15 knots ]
2. Winda at 3000 feet: 120 degreea at 30 knota N
3. Winda at 6000 feet: 130 degrees at 25 knots o)
4. Winds at 9000 feet: 170 degreea at 48 knotas o
S. Winda at 12000 feet: 165 degrees at S2 knots o
6. Winds at 18000 feet: 210 degrees at 25 knots f‘*“f
- <4
4
1
= <
4
- - .
: ]
[ .-
C-8 B
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<< RUN SECOND PROGRAM: SURFACE DRIFT >
INININININ/IN/ N E W S €C R E E N N/N/NININININ

(RPN R ERE R R R R AN E AR R RN RN R R A R AR AR RE R AN ERARERNBR AT ERBRARARARNBTERRENS)

(= SEARCH PLANNING SOFTWARE (PROGRAM #2 OF 3) ®)
(= TITLE: SURFDRIF.COM (Surface Drift Algorithm) *)
(= VERSION: 1.1 for CP/M Operating Syatea ")
(= DATE WRITTEN: September 1984 »)
(» LICENSE: COPYRIGHT 1984 D. RICK DOUGLAS ®)

(I‘l.llllllllll!l.llllllll!llllIIII.'!..l..!llllllll.l.ll..lll!ll.l!lllili.ll)
The author makes no express or implied warranty of any kind with regard to
this program material, including, but not limited to, the implied warranty of
fitneas for a particular purpose. The author sahall not be 1liable for
incidental or consequential damagea in connection with or arising out of
furnishing, uae, or performance of thias program. The reader MUST HAVE a solid
underatanding of aearch and reacue methodology before uaing thia software in
naking deciaions where human life ia at riak. In fact, aince no amount of
testing can uncover 100X of program errora, thia program is recommended for
training use only. Prior attendance at the United Statea Coaat Guard’a
National SAR School is highly-encouraged.

(snssnuunsnnnsnsnsnnnsenunnnsn WARNING! o nusucusnnusustsssnnstnsnnsnnsninns)

(» THIS SOFTWARE MAY BE FREELY-DISTRIBUTED PROVIDED NO FEE ")
(= IS CHARGED AND THIS COPYRIGHT NOTICE IS RETAINED ®)

(lﬂlﬂllilillilllﬁllﬂﬂ!!ll"lll'l!ll*llll’.l!ll'lllilﬂlﬂﬂl!III!!!III!IQ!!!!I'I)

PLEASE HIT RETURN (Once or twice, as necessary) TO CONTINUE
ININININININY N E W S C R E E N NININININININ

Given the initial surface position coordinates (latitude and
longitude) of an object on the ocean’a aurface and atarting
date/time, thias program calculates an updated aurface position
(Datum point) or asearch area for a apecified (Datua) time. If
the updated surface position coordinatea are all ready known,
then enter N to the next queation and proceed with other recovery
planning aa outlined in the National Search and Rescue Manual.

P.S. Run this program TWICE if the number of hours of aearch
object drift ia uncertain. On the firat run, enter data only
for the SHORTER drift period (later drift atart time). After
the program calculates the Average Surface Wind and Wind Current
vectora, record them, ABORT the program run, and CLEAR your
ricrocomputer’a memory. Then rerun the entire program, making
sure to enter data for the LONGER drift period (earlier drift
atart time). Enter the vectora you recorded above when aaked

by the progran.

c-9
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Do you wish to continue with this program? (y/n) => Y

IN/N/IN/IN/ININY N E W S C R E E N \YAYAYAYAYAYAY

Please enter the number for the month the search object was
at the laat known poaition:

1 = Jan 4 = Apr 7 = Jul 10 = Oct
2 = Feb S = May 8 = Aug 11 = Nov
3 = Mar 6 = Jun 9 = Sep . 12 = Dec

LAST KNOWN POSITION MONTH=> 4

Please enter the year the search object was at the laast known
position (e.g., 1985, 1986, etc.)
LAST KNOWN POSITION YEAR=> 1984

INININININ/IN/ N E W S C R E E N A\YAVAVAVAVA VAN

Please enter the day-hour-minute (TO THE NEAREST HOUR) the
search object waa at the last known position. Enter it in
. Z DTG (Zulu Date-Time-Group) format. For example: 9:37 PN,
{0 August 4, ahould appear as 042200 Greenwich-Mean Time (2=0).

If the number of hours of search object drift is uncertain,
you must run thia program twice (aa mentioned earlier). On
the first run enter here the time the SHORTER drift period
started (LATER than the laat known position time). On the
second run, or if two runa are not applicable, enter here the
the LKP time aa requeated above:

LAST KNOWN POSITION TIME (Z DTG)=> 291000

ININ/N/N/N/N/ N E W S C R E E N N/NININININ/N

Was search object’s last known latitude north or south? .
(Enter N or S) Anawer=> N

Please enter the search object’s last known latitude
(For example: 25-Degreea 45-Minutea 13-Seconda = 25.4513)
LATITUDE => 39.1848

Vas search object’a last known longitude east or weat?
(Enter E or W) Anawver=> ¥

.........
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Please enter the search object’a last known longitude
(For example: 160-Degrees 45-Minutes 13-Seconds = 160.4513)
LONGITUDE => 64.3345

ININININININY N E W S C R E E N N/NINININININ

Now you will be asked to enter the year, month, and date/time for
the deaired Datum position, which MUST be later than the time you
juat entered for the laat known poaition!

Please enter the desired Datum month:

1 = Jan 4 = Apr 7 = Jul 10 = Oct
2 = Feb S = May 8 = Aug 11 = Nov
3 = Mar 6 = Jun 9 = Sep 12 = Dec

Please enter the deaired Datum year (e.g., 1985, 1986, etc.)
DATUM YEAR=> 1984

Please enter the deasired Datum day-hour-minute (TO THE NEAREST HOUR). -
Enter it in Z DTG (2ulu Date-Time-Group) format. For example:

40 9:37 PM, Auguat 4, should appear as 042200 Greenwich-Mean Time (2=0),
DATUM TIME. (2 DTG)=> 291800

ININININININY/ N E W S C R E E N NZNINININININ

This program includes wind current calculations to determine

Datum. However, according to the National SAR Manual, wind

currenta are uaually ignored in coaatal, lake, river, and

harbor areas due to the many variable effecta from the water-

land interface. Thia program ia baaed on the assumption of

open-sea aearch where land masses do not interfere with the

action of the wind on the water or on the currenta generated

by them. A rule of thumb is to calculate wind currents when

water deptha are greater than 100 feet (32 metera) and at .
distances of 20 miles (32 kilometers) or greater from shore.

¥ind currents are not usually used inside theae limits . .
except where local knowledge makes it possible to eatimate -
one. This is especially true where, close to shore, the jl?"
wvater’s depth increases rapidly. ,;{_
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Do you wish to continue with this program? (y/n) => Y

INININININ/IN/ N E W S C R E E N N/NININININ/N

Please enter the number of hours elapsed (to the NEAREST
HOUR) from the laat known surface poaition (LKP) time to
the deaired Datum time.

If the number of hours of search object drift is uncertain,
you musat run thia program twice (aa mentioned earlier). On
the first run enter here the SHORTER number of hours of
search object drift. On the aecond run, or if two runa are
not applicable, enter here the difference between the Datum
and LKP times as requeated above:

ELAPSED HOURS => 8

ININININININ/ N E W S C R E E N N/N/NININININ

Please enter the ocean surface wind direction and velocity at 2718002:
WIND DIRECTION = 80
WIND VELOCITY = 20

Please enter the ocean surface wind direction and velocity at 2800002:
WIND DIRECTION = 40
WIND VELOCITY = 30

Please enter the ocean surface wind direction and velocity at 2806002Z:
WIND DIRECTION = 35
WIND VELOCITY = 40

Please enter the ocean surface wind direction and velocity at 281200Z:
WIND DIRECTION = 40
WIND VELOCITY = 40

Please enter the ocean surface wind directjon and velocity at 28 18002:
WIND DIRECTION = 45
WIND VELOCITY = 20
Please enter the ocean surface wind direction and velocity at 290000Z:
WIND DIRECTION = 40
WIND VELOCITY = 25

Please enter the ocean surface wind directjon and velocity at 2906002:
WIND DIRECTION = 65
WIND VELOCITY = 20

Cc-12
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Please enter the ocean surface wind direction and velocity at 291200Z:
WIND DIRECTION = 74 .
WIND VELOCITY = 20 -
-
Please enter the ocean surface wind direction and velocity at 2918002Z: S
WIND DIRECTION = 77 Col
WIND VELOCITY = 18 f;ff
ININININININY N E W S C R E E N NININININININ .
K Refer to the latitude coefficient-vectors table.for the Northern .
latitudes (approximately page 8-16c) in the National SAR Manual. »
t; Find the degrees-latitude column neareat to 39-degrees-North. T
{ You will now be asked to enter the directions and magnitudes for
] each of the eight periode appearing under that column.
b _1
s PERIOD #1 DIRECTION = 217
%.. PERIOD #1 MAGNITUDE = .024 L
PERIOD #2 DIRECTION = 350 ﬂ.,i
s PERIOD #2 MAGNITUDE = .01 SRR
b S _:
PERIOD #3 DIRECTION = 107 ﬂft{
PERIOD #3 MAGNITUDE = .008 St
o
PERIOD #4 DIRECTION = 223 } f
PERIOD #4 MAGNITUDE = .006 _
PERIOD #5 DIRECTION = 339 -
PERIOD #5 MAGNITUDE = .006 ‘M_J
-,
PERIOD #6 DIRECTION = 95 T
PERIOD #6 MAGNITUDE = .00S .
PERIOD #7 DIRECTION = 211 x
PERIOD #7 MAGNITUDE = .004 o
PERIOD #8 DIRECTION = 327 _‘;_;"j

PERIOD #8 MAGNITUDE = .004

.

% c-13 s
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ININININININY/ N E W S C R E E N NINININININ/N

¥ind Current Latitude Coefficients for 39-degrees North are:

1. Period #1 217 / 0.024

2, Period #2 350 /7 0.010

3. Period #3 107 7 0.008 S

4, Period #4 223 / 0.006 -

S. Period #S 339 7/ 0.006 A

6. Period #6 95 /7 0.005 C

7. Period #7 211 7 0.004 -
: 8. Period #8 327 /7 0.004 a i

- Are these altitudes, wind directions, and wind ©
velocitiea all correct? (y/n) Y .
T

IN/ININ/IN/IN/IN/ N E W S C R E E N AYAVYAVAVAVAVAN

r.r":' )
I 2 .
PN {

Period #1 Y
- Xcomponent = -0.119 (-0.119; 0%x ERROR]} ey
:j Ycomponent = 0.229 ( 0.229; 0x ERROR) .

10 Period #2 —

. Xcomponent = -0.283 {-0.283; 0Xx ERROR) ]
- Ycomponent = 0.109 { 0.109; 0x ERROR) Sl
S Total Wind Current:

Xcomponent = -1.443 (-1.454; 0.69% ERROR]}

Ycoaponent = 1.470 ( 1.466; 0.27% ERROR)

HIT RETURN (Once or twice, as necessary) TO CONTINUE f .
ININ/ININ/IN\N/N\/ N E W S C R E E N \VAVAVAVAVAVAN

Total Wind Current Direction is 316-degrees for 2.06 nautical miles.

If the number of hours of search object drift is uncertain, you

auat run this program twice (as mentioned earlier). On the firat
. run, RECORD thia Total Wind Current vector direction and distance
= for input during the second run.

If this is the second run, pleaase now ENTER the previoualy-
recorded Wind Current vector over the shorter drift period
«® (If not applicable, enter a heading of 361):
. WIND CURRENT DIRECTION (from Run #1) => 361

; c-14
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ININININININY/ N E W S C R E E N N/NIN/N/NIN/N

Average Surface Wind:
Xcoaponent = 148.742 (148.742;: 0x}
Ycomponent = 39.711 {39.711; O0Oxl}

Average Surface Wind Direction 75-degrees True at 19.24 knots.

If the number of hours of search object drift is uncertain, you
nuat run this prograa twice (as mentioned earlier). On the firat
run, RECORD thia Average Surface Wind vector direction and

apeed for uae in calculating the minimum leeway apeed during the
second program run. Then, ABORT thia prograa run, CLEAR your
aicrocoaputer’s memory, and RERUN the entire prograa

HIT RETURN (Once or twice, ss necaessary) TO CONTINUE
IN/ININININ/N\/ N E W S C R E E N \N/N\N/NIN/INININ

This program will now calculate the LEEWAY vector, or, that drift caused
by average surface winda puahing on the expoaed area of the aearch object.
There are three leeway vector calculation options:

(1) DRIFT RATE UNCERTAINTY - Used when the search object is unknown,
or, when it ia not known whether the object haa deployed an
anti-drift device (e.g., asea drogue). All drift ia computed aa
a minimum and smaxiaum diatance downwind;

(2) DRIFT TIME UNCERTAINTY - Used if the number of hours the search
object has been drifting ia not known for certain. All drift
is computed aa a minisum and maximum distance downwind;

(3) DIRECTIONAL DRIFT UNCERTAINTY - Used if above options do not
* apply. However, drift ias computed for a divergent bearing left
and right of the downwind vector.

Refer to the National SAR Manuel for additional information.

PLEASE SELECT OPTION #1, #2, or #3 => 3
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ININININININY N E W S C R E E N N/N/INININININ

Refer to the Leeway Speed Graph in the National SAR Manual .-
o (approximately page 8-15). Pleaae enter the search object’s roe
o naxinum expected degreea-divergence from the downwind vector:
‘ MAX EXPECTED DIVERGENCE => 35

LA
PR

]

IR
F R UPUR
PP P

. Refer to the Leeway Speed Formulae in the National SAR Manual _

' (approximately page 8-13), Pleage enter the leeway apeed at -
wvhich the search object drifts: S
LEEWAY SPEED => 0,842 j
Please enter the number of hours the search object drifted: ]

A HOURS OF DRIFT => 8 T

.
.' 1
IN/NINININ/IN/ N E @ S C R E E N A\VYAVAVAVAVAVAN

; -

® Please enter the sea current vector as described in the National

‘ SAR Manual (approximately pages 8-161 and 8-163): . J
SEA CURRENT DIRECTION (SET) => 71 3.7t
SEA CURRENT VELOCITY => 1.1 'ifu

— : e

K (o Which publication did you use as the source of your sea current data?: . d
(1> Naval Oceanographic Office Spec. Pub. Series 4000, Surface Currents jj;a
(2) Publication No. 700 S
(3) Oceanographic Atlas AR

g (4) Atlas of Surface Currents T

- (5) Pilot Charts ]
(6) Other T

0
SELECT ONLY ONE => 1
R
» ININININ/IN/N/ N E W S C R E E N \YAVYAYAYAYAYAY o
1
Y
Please enter the observed total water current, if known. . N
Thia current is determined by observing the drift positions .
and times of surface debris, oil slicka, or, by inserting .

» an electronic Datum Marker Buoy in the search area. This - y
total water current vector replaces the aurface wind and -~
sea current vectors previously calculated by this program. el
(If unknown, enter a heading of 361): o
TOTAL WATER CURRENT DIRECTION => 361 - ]

D o 1

.

[

LR ]
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ININININININ/ N E W S C R E E N \VAVAVAVAVAVAN B

If you have calculated a Tidal Current vector, please enter it here o
(If not applicable, enter a heading of 361): =
TIDAL CURRENT DIRECTION => 361

i ININININININY N E W S C R E E N \VAVAVAVAVAVAN .

(Max) Datum Vector:

Xcomponent = 0.550
Ycomponent = 6.645 )

- (Min) Datum Vector: B
. Xcomponent = 2,543 ]
' Ycomponent = -0.821 e
° -
. |
3 Total Surface Drift Dir. : 108-degrees S-degrees 1A£?
: Total Surface Drift Dist.: 2.67 naut. mi. 6.67 naut. mi. L
g 40

. RN
i HIT RETURN (Once or twice, as neceasary) TO CONTINUE ' . )
: INAAA/AAA/N/ S N E WS € R E E N NN S
P Calculating . . . Please stand by S
a ININININININY N E W S ¢C R E E N \VAVAVAVAVAVAN }ﬁ
» B
’ A record of significant input and output data used during this 4
N progrea run is stored in an external file named "SEADATA". <Y
- If you desire to keep this record peramanently, please rename fl}g
B £ile SEADATA before running this prograa again! L)
1 1
] -

5 o]
- c-17 g
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- << SECOND PROGRAM OUTPUT » 4
: INININININ/INY N E W S C R E E N N/N/IN/IN/NININ )
{| ;
Q’ Missing aerospace object/pilot(s) last known position: 39-18 North 64- 33 West .
- Time: 291000Z 4/1984 .
7 EEZEEESCSECS SIS E S S S SSESCS SRS S SSSSEEESZIECSEZIRSSSESSSESSEISITTISSSSsIS=S N
tf AVERAGE SURFACE WINDS: *la
II Date-Time-Group Hours Wind Contributiona
» 2912002 S 74 1 20 74 / 100 1
- 2918002 3 77 / 18 77 /1 54
o Total Average Surface Wind Direction 075-degreeé True at 19.24 knots
LE 2 2 2 3t s 2 i -t 3t At ittt Pt it 1 2 it i1ttt it it it ittt it ittt 2ttt 2 ¢t 11 1 & J
LEEWAY DRIFT VECTOR CALCULATIONS: Directional Drift Uncertainty j
Maximum Expected Divergence 35-degreea 1
Drift Rate 0.842 knotsa
, Houra 0f Drift 8
: Leeway Direction Min = 220-degrees Nax = 290-degrees True o
h Leeway Distance Min = 6.74 naut.mi. Nax = 6.74 naut.ami. )
. 1+ 233 2 3 i 3 i F i 2 s - - T £ 2 F 2 2 2 2 R T 2 E E R A X R Xt 2 2 2t 2 2 E £ £ A 2 2 £ % 1]
¥ _>
5 WIND CURRENT PERIOD #1
- Interval Date-Time-Group Wind Coefficients Contributions 1
L 1 2912002 74 / 20 217 /7 0.024 291 / 0.480 o]
Ei (® 2 2906002 63 7/ 20 350 /7 0.010 415 / 0.200 C
: ' 3 2900002 40 / 25 107 /7 0.008 147 /7 0.200 ;
. 4 2818002 45 /7 20 223 / 0.006 268 / 0.120 A
. ) 2812002 40 / 40 339 7/ 0.006 379 / 0.240 }
. 6 2806002 35 /7 40 95 / 0.005 130 / 0.200 .
. 7 2800002 40 /7 30 211 / 0.004 251 / 0.120 ,.,;
Ei 8 2718002 80 / 20 327 / 0.004 407 / 0.080 o
i Local Wind Current This Period 333 7 0.258 :
. Number 0f Hours In This Period S "
' Wind Current Vector This Period 333 / 1.289 nautical miles
WIND CURRENT PERIOD #2 7
Interval Date-Time-Group Wind Coefficients Contributions
1 2918002 77 /7 18 217 / 0.024 294 / 0.432
.2 2912002 74 7/ 20 350 /7 0.010 424 / 0.200
3 2906002 6sS /7 20 107 / 0.008 172 7 0.160
4 2900002 40 /7 25 223 / 0.006 263 / 0.150 p
S 2818002 45 /7 20 339 7/ 0.006 384 / 0.120 E
6 2812002 40 / 40 95 / 0.005 135 /7 0.200 C
7 2806002 35 7 40 211 / 0.004 246 / 0.160 el
8. 2800002 40 / 30 327 7 0.004 367 /7 0.120 .3}ﬂ
c-18 o
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-4
- Local Wind Current This Period 291 / 0.303 f
Number Of Hours In This Period 3 ]
Wind Current Vector This Period 291 / 0.909 nautical miles -
....................................................................... .
Total Wind Current Direction 316-degrees True -
Total Wind Current Diatance 2.06 nautical miles L
-+ 2 1 : 2 3 R 2 E 3 2 X 2 i E 3 1 t 1 2ttt it it i1ttt ittt it ittt it a2 2t 2 1 ¢ a .'_ o

S
e

SEA CURRENT VECTOR:
Used Naval Oceanographic Office Spec. Pub. Series 4000, Surface Currents

Sea Current Direction (Set) 071-degrees True 4
Sea Current Drift Rate 1.10 knots o]
Sea Current Drift Distance: 8.80 knots j
X3 2 3 3 E i i A 1t i ittt 2ttt 2ttt it i1ttt ittt ittt it i 2 -t At 1 £ 1

TOTAL SURFACE DRIFT (Dmin & Dmax) VECTORS:

Tot.Surf.Drift Direction : 108-degrees 005-degrees True
Tot.Surf.Drift Distance : 2.67 naut. ni. 6.67 naut, ai,
3 3+ 3 - 3t t i X i A ittt 1 ittt ittt ittt i ittt - - 2t 2 2t 1 2 ¢ ¢

<< RUN THIRD PROGRAM: S E A RCH A RE A DETERMINATION>>
INININININ/INY N E W S C R E E N \YAVAVAVAVAVAN

AR

(!IIlIlI!QII!IlIQ!.lIIlllII!IIQil!IIQIlllﬂ...'IlIll.lll!IIllIII!.l.lIII..I'II)

e
Ly

(= SEARCH PLANNING SOFTWARE (PROGRAM #3 OF 3) »)
(= TITLE: AREA.COM (Search Area Determination Algorithm) ®)
(= VERSION: 1.0 for CP/M Operating Syatem ®) KRN
(= DATE WRITTEN: Auguat 1984 *) Lol

(= LICENSE: COPYRIGHT 1984 D. RICK DOUGLAS ®) . 4
('l!.!l.ll’ll.illllll!llII!l!II!IlQIIII!I!il!IllI!IQI!ﬂlll!ll.lll’!ﬂlllll!lll) .
The author makea no express or implied warranty of any kind with regard to
this program material, including, but not limited to, the implied warranty of
fitneas for a particular purpose. The author shall not be 1liable for
incidental or consequential damagea in connection with or ariasing out of
furniahing, uae, or performance of thia program. The reader MUST HAVE a aolid
understanding of search and rescue methodology before using this software in
naking decisions where human life is at risk. In fact, aince no amount of
teating can uncover 100% of program errors, thia program is recommended - for
treaining use only. Prior attendance at the United Statea Coaat Guard’a
National SAR School is highly-encouraged.

(nnsnansrnnsunsnsansnnnnsnnnan WARNING! oo nasansenasacusssstsnasnsnssnsnsnse)

(» THIS SOFTWARE MAY BE FREELY-DISTRIBUTED PROVIDED NO FEE ®) L
(= IS CHARGED AND THIS COPYRIGHT NOTICE IS RETAINED *) s
(IIlIIIQIl!IIIIllllll!l!ll.!l.lll.!ll.lllll'lllll!ll!llilllIllll!l!!lll!lllll) ~:fb
PLEASE HIT RETURN (Once or twice, as neceasary) TO CONTINUE T

Cc-19 e
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ININININININ/ N E W S C R E E N N/N/NINTNININ

Was search object’s last known latitude north or south?
(Enter N or S) Anawver=> N

Please enter the search object’s last known latitude
(For example: 25-Degreea 45-Minutea 13-Seconda = 25,4513)
LATITUDE => 39.15

Was search object’s last known longitude east or west?
(Enter E or W) Anawer=> W

Please enter the search object’s last known longitude
(For example: 160-Degrees 45-Minutea 13-Seconda = 160.4513)
LONGITUDE => 64.3

IN/NININININY N E W S C R E E N N/N/N/N/IN/IN/N

Did you previously calculate an serospace drift vector
for this problem? (y/m): Y

Please enter the previously-calculated,
TOTAL AEROSPACE DRIFT DIRECTION => 323

Please enter the previously-calculated
TOTAL AEROSPACE DRIFT DISTANCE => 4.39 (4.39; 0X ERROR)

Refer to the "Individual Drift Error"” section in the National SAR
Manual (approximately page 8-27). Please enter the desired
Aerospace Drift Error Confidence Factor (e.g, 0.125, 0.3, etc.):
AEROSPACE DRIFT ERROR CONFIDENCE FACTOR => 0.3

IN/INININININ/ N E W S ¢C R E E N N/NINININININ

Please enter the sum of previous drift errors

(Enter a zero if not applicable):

SUM OF DRIFT ERRORS => O .
Please enter the previously-calculated,

MININUM TOTAL SURFACE DRIFT DIRECTION => 109

Please enter the previously-calculated,
MINIMUM TOTAL SURFACE DRIFT DISTANCE => 2.69 (2.67; 0.74x% ERROR}

Please enter the previously-calculated,
MAXIMUM TOTAL SURFACE DRIFT DIRECTION => 005

Cc-20
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Please enter the previously-calculated,
MAXIMUM TOTAL SURFACE DRIFT DISTANCE =>» 6.63 {6.67; 0.6x ERROR}

Please enter the measured distance between the two, previously-
calculated, Total Surface Drift Diatance positionsa:
DISTANCE BETWEEN SURFACE DRIFT PQSITIONS => 7.73

Refer to the "Individual Drift Error” section in the National SAR
Manual (approximately page 8-27), Pleaae enter the desired
Surface Drift Error Confidemce Factor (e.g, 0.125, 0.3, etc.):
SURFACE DRIFT ERROR CONFIDENCE FACTOR => 0.3

ININININ/IN/N/ N E W § C R E E N N/\N/NINININ/N

Refer to the "Initial Position Error" section in the National SAR
Manual (approximately page 8-29). Please enter the aearch object’s
Navigational Fix Error (e.g, 0, 5, 10, or 15 naut. mi. radius),
and, if applicable, the Nawvigational Dead-Reckoning (DR) Error
(e.g, 0, 3, 10, or 15 percemt of DR distance in naut. mi.):

SEARCH OBJECT NAVIGATIONAL ¥IX ERROR =» 10

SEARCH OBJECT NAVIGATIONAL DR ERROR => 0O
ININININININY N E W S C R E E N \YAVYAVAVAVAVAN

Refer to the "Search Craft Error”" section in the National SAR
Manual (approximately page 8-29). Please enter the search craft‘’s
Navigational Fix Error (e.gq, 0, S, 10, or 1S naut. mi. radius),
and, if applicable, the Nawigational Dead-Reckoning (DR) Error
(e.g, 0, 5, 10, or 15 percent of DR distance in naut. mi.):

SEARCH CRAFT NAVIGATIONAL FIX ERROR => S

SEARCH CRAFT NAVIGATIONAL BR ERROR => 0

IN/NINININ/INY N E W S ¢ R E E N N/NININ/N/NIN

You are calculating the search area for:

The first search
The aecond asearch
The third search
The fourth aearch
The fifth asearch

R WN -

Input SEARCH NUMBER => 1

......... <

-
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PRELIMINARY INFORMATION:

D L L L T R

Search Area Radiua = 15 naut. ni.
Search Area = 900 aq-naut.mi. {900: 0% ERROR]}

HIT RETURN (Once or twice, as necessary) TO CONTINUE

ININININININY N E W S C R E E N N/N/NININ/IN/N
Calculating . . . Please stand by

ININININININY N E W S C R E E N NININININININ

A record of significant input and output data used during this
program run is stored in an external file named "AREADATA".

If you desire to keep thia record permanently, please rename
file AREADATA before running thia program again!

<< THIRD PROGRAM COUTPUT >»
INININININ/IN/ N E W S C R E E N N/N/N/N/IN/N/N

DRIFT COORDINATES : LATITUDE LONGITUDE
Last Known Position : 39.1500 64,3000
Aerospace Drift Poaition : 39.1830 64.3325
Surface Dmin Poaition : 39.1738 64.3008
Surface Dmnax Poaition : 39.2507 64.3240

P T L T T D L L L D g -—-
I 2+ 332+t i 2 3 2 -t - A A 2 i 2t - i 2t 1 E 2 P s F F 2 R F E E R R 2 2 E 2 R R R R X S X 2 2 2T

SEARCH AREA:

Aerospace Drift Distance : 4.39 naut. mi. .
Drift Error Confidence : 0.300

Aerospace Drift Error : 1.32 naut. nmi.

Sum of Previous Drift Errora 00 naut. ai.

Surface Drift Distance : 69 naut. mi. 6.63 naut. mi.
Drift Error Confidence :

Drift Error Min and Max
Diatance Between Dmin/max
Surface Drift Error Minimax

.73 naut. mi.

0
2
(4]
0.81 naut. mi. 1.99 naut. ni.
7
5.26 naut. ni,

Lo .
hed b




Total Probable Error : 12,97 naut. ai.
Safety Factor : 1.1
Search Radius : 15 naut. ai. 1
Search Area : 900 naut. mi.-aquared. 1
SEARCH AREA COORDINATES: : LATITUDE LONGITUDE
Center Point : 39.2414 64.2923
Corner Point (Upper Left) : 39.3908 64.4834
Corner Point (Lower Left) : 39.0908 64.4834 -
- Corner Point (Upper Right) : 39.3908 64.0945 ]
- Corner Point (Lower Right) : 39.0908 64,0945 ]
- .
hii @ ]
f; Conclusion : f
- ' .;J
» The only significant hardware calculation errors S
bi introduced in the aample USCG problem are thoae in :“1
{ T
i determining the search area center and corner point )
{r coordinates. Inaccuracies here were as large as 6 minutes $
E
o of latitude (6 nautical milea) and 2 minutes of longitude.
: ]
;~l However, drift vector error discrepancies were miniscule to 1
:ff . non-exiatent. Aa such, the attached programs can be used to E
o
f generate these vectors, which can then be plotted on :
C B
navigation chartas to more accurately determine drift ;nﬂ
)
poeition coordinates during search planning. N
o
. °- T -“
o 'i::;
A c-23 -]
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Total Drift Error
Object Navigation Fix Error :

Object Dead-Reckn Error : 0.00 naut. ni.

Object Total Position Error :

Searcher Navigation Fix Error @

Searcher Dead-Reckn Error : 0.00 naut. nai.
Searcher Total Poaition Error @

- — - - e e e AP D P R = S e D T T - A = . .

: 6.58 naut. mi.
10 naut. nmi.
10.00 naut. ni,

S naut. ni.

5.00 naut. mi.

. e r
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SEARCH PLANNING PROGRAMS LISTING

Appendix D

AN L SR R ar S alac A i A i audh- sttt At norat Ui Suiouit- oA C

(SOURCE CODE)

0001 (HEEEEHHHHHEHEHHHHHHHHH )
02 (s #
03 (¢ SEARCH PLANNING SOFTWARE (PROSRAM #1 OF 3) #)
0004 (# #)
9225 (¢ TITLE: AERODRIF.COM (Rerospace Drift Algorithm)  #)
9026 (# VERSION: 1.1 for CP/M Operating Systen #)
@87 (# DATE WRITTEN: September 1984 #)
008 (& #)
@9 (& DESCRIPTION: #)
@918 (# - User asked for last known position (coordinates) and #
Wi (s date-time-group of search object #)
#12 (¥ - User-queried as to whether aerospace object plided, #)
03 (* fell, parachuted, or some combination, to get to the #)
014 (2 surface #
915 (¢ - Depending upon the descent method, user is then asked #}
o016 (& additional information as specified in the Natiomal #
17 (= Search and Rescue (SAR) Manual %)
8818 (# - User asked to input reported winds aloft for every #)
019 (¢ known altitude from surface to the search object’s #)
e (& incident level, plus one or two more above that 1)
@1 (¢ - Wind data is printed back to the user for verification #)
9822 (# - User say make changes to input data as required %
8223 (¥ - Program calculates applicable, vesultant drift vector #)
o824 (2 direction(s) and magnitude(s) and creates an "audit #
025 (¢ trail"/record file of program input, significant )
2% (s calculatiors, and output, named "RERODATA" #)
- )
€028 (s LICENSE: CDPYRIGHT 1984 D. RICK DOUBLRS #)
029 (& )
0230 (# The author makes no express or implied warranty of any %)
0031 (* kind with regard to this program material, including, but #
9032 (¢ not limited to, the implied warranty of fitness for a 1)
9233 (# particular purpose. The author shall mot be liable for &)
@934 (® jncidental or comsequential damages in connection with or #
%35 (* arising out of furnishing, use, or performance of this 1)
@035 (# program. The reader MUST HAVE a solid understanding of #)
937 (& search and rescue methodology before using this software #) .
938 (* in making decisions where human life is at risk. In fact, #
939 (& since no amount of testing can uncover 182% of progras 1)
@40 (& errors, this program is recoxmended for training use or /. #)
41 (& Prior attendance at the United States Coast Guard’s %)
2842 (# National SAR School is highly-encouraged. 1)
0043 (s %)
0844 (¢ THIS SOFTWARE MAY BE FREELY-DISTRIBUTED %)
045 (s PROVIDED NO FEE S CHARGED AND #)
0046 {8 THIS COPYRIGHT NOTICE IS RETAINED. #)
®47 (= #)
D-1
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.
. gpid (¢ LANGURGE: PRSCAL "
2 8249 (» USED  : Borland International, TURBO.PRS, Version 2.8  #)
p o850 (& )
I 9051  (+ MODULES CALLED (Sequentially listed); (OPT) = "Qptional®: #)
W5 ( )]
[ W33 (s feroPosition )]
' 0es5h (& VerifyDT6 #
' (# ! #)
_ @56 (¢ PATH 81 PATH #2 PATH €3 #)
f 0057 (¢ BLIDE ONLY PARACHUTE ONLY BOTH METHODS )
[_ s | | | )
. 2859 (# GlideData ChuteData BlideData #
. 0260 (# Reroblide Inputidinds fReroblide #
l @61 (¢ Inputhinds Verifyinds InputWinds  ®)
F 62 (¢ VerifyWinds WindChart VerifyWinds #)
s @63 (# WindChart WindDrift WindChart %)
:_' 064 (¢ WindDrift 6lideOrChute WindDrift #)
8265 (¢ BlideDrChute RddVectors 6lideThenChute #)
0066 (# AddVectors Ejection fddvectors #)
9067 (# RAddVectors (DPT)  AddVectors (0PT) AddVectors (OPT) #)
068 (¢ MriteToDisk WriteToDisk Ejection ¥
059 (& RddVectors (0PT) #)
78 (s WindDrift )]
W1t (s 6lideOrChute #)
8RR (x fddVectors #
W13 Addvectors (DPT) #)
i® en NriteToDisk 5
W5 = 1)
0076  (HHHEHEHHEHHEHHHHHHHHHHH L S HHE)
wn
@78 program ReroSpaceWinds (input,output);
07
=N €880 const radians = 57.2957795; (Standard radian conversion factor}
9081 '
g 9082 type Winds = array(1..29,1..31 of real;
..'. 2083
- #8834 var OnePassCompleted : boolean;
E €285 {Flags second pass through procedure WindDrift}
: 0086
0087 chute, {Deternines if Drift procedure should be used)
" 2088 continue, {Determires if this program should be used}
s 2089 descent, {Determines if ReroGlide procedure should be used} ,
0 0099 LatNs, {Indicates whether latitude is North or South)
0N LongEW, {Irdicates whether longitude is East or West}
® 82% MethodDrift : char; {Indicates parachute(P), glide(B), or both(B) }
- . m
. 0% 6lideRatio, {Horizont. /Vert. displacexent (from flight msanual) }
- 0895 1,1, {Used as counters)
- 2% {Tracks number of wind altitudes used by program}
'.' ° 0097 LastMonth, {Fonth object at last known position}
S 0298 LastYear, {Year object at last known position}
5 0099 TypeVehicle :integer; {Determines if vehicle is fast or slow)
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2100
0181
e1e2
13
0104
0185
8106
e107
eies
ne
ot
0111
o112
0113
o114
8115
o116
0117
ot18
0119
o120
8121
ot
0123
8124
0125
8126
0127
o128
8129
o130
9131
013
8133
0134
0%
0136
0137
0138
0129
0148
LG
142
0143
0144
0145
8146
0147
0148
8149
U
151

Came oan o

fssignedAlt,
AvgWindFroa,
AvgWindTo,
BrgBlideWinds,
BrgMax6lide,
BrgParabrift,
BrgRads,
Chuteflt,
DescentHeading,
DescentRate,
Descent Time,
DistanceParaDrift,
EjectDistance,
GlideRltLost,
6lideDistance,
ElideWindSpeed,
IncidentAlt,
LastLat itudeKnown,
LastLongitudeXnown,
LastDateTine,
MaxDistanceGlide,
MaxRadiusblide,
ParadriftSpeed,
RateParaDescent,
ResultMagnitude,
Tenp,
Terraindeight,
TimeParaDescent,
TotalBrg,
TotalDistance,
TotalRadius,
TrajectBry,
TrajectDistance,
TrajectRadius,

{Incident altitude above mean sea level (M3L)}
{fAverage winds aloft direction from (in degrees} }
{AvgWindFrom plus-or-minus 182}

{fverage winds aloft glide bearing in degrees}
{Maximum glide course in degrees}

{Average winds aloft bearing on parachute drift}
{Individual bearings converted to radians}
{Determines parachute(s) openirg altitude)
{Rerospace object’s descent heading in decimal}
{Rerospace object's descent rate in feet per minute}
{0bject's descent/glice tive through GliceRltLost}
{Parachute drift distance}

{Distance ejecting pilot is tossed horizontallyl}
{Altitude lost failing from AssigredAlt}

{6lide ratio distance covered excluding winds}
{Average winds aloft velocity affecting glide}
{Parachute-opening altitude}

{Last known latitude of zerospace object}

{Last known longitude of aerospace object}

{Time aerospace object was at last known position}
{In nautical wiles}

{Maxigum radius of glide if BrgMaxGlide uncertain}
{Rverage winds aloft parachute drift velocity}
{0bject's parachute descent rate in feet per second}
{Resultant distance computed from vector addition}
{Confirms WirdDrift IncidentR1t/508 resainder = 8}
{Height of surface at or above wean sea level}
{Object's parachute descent time in minutes}
{Total aerospace drift vector direction}

{Total aerospace drift distance}

{Total possible area radius if direction unknown}
{Rerospace trajectory direction} '
{Rerospace trajectory distance}

{Rerospace trajectory radius (TrajectBrg uncertain)}

WindDisplacement : real;{Distance covered due to winds}

No,
Yes,

N,
{*Y,y!

*No" characters}
"Yes® characters}

ValidAnswers : set of char; {'Y,y,N,n’ = valid "Yes" and "No® characters}

AeroWinds,

{Duplicate array of WindsAloft for computation use}

WindsAloft ¢ Winds; {Individual-altitude winds affecting parachute drift}

var count : integer;

begin
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{Writes out a specified number of blank lines.}

procedure writelns (lines : integer);

--------
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s
0133
154
0135
o156
0y
o158
0159
0160
0161
o162
0163
0164
0165
0166
o167
0168
8169
8170
un
o172
0173
0174
un
e17
e
o178
o1
8182
0181
o182
8183
0184
8185
8186
0187
0188
8189
019
9
013
8193
019
1%
0196
197
9198
199

count := 9;
while lines ) count do
begin
writeln;
count := count + 1
end
end;

(HHHHH )
{Verifies legitimate date/time/group data input.}

procedure VerifyDTG;

var Temp, {Used as a temporary computation variable}
TempDate, {Used as temporary date variable}
TempHour, {Used as tewporary hour variable}

TewpMinutes : real; {Used as temporary minutes variable}

begin {VerifyDT6}
repeat {until correct date/time format input}

{Verify the day is between 1 and 31}
TempDate := trunc( LastDateTiwe/10200 );
if (TempDate ( 1) or (TempDate } 31) then
begin {TempDate not between 1 and 31}
writeln;
writeln(’You have incorrectly entered the date. Try again!’);
write('Re-enter 7 DTG=} ');
readln(LastDateTime)
end; {TempDate rot between 1 and 31}

{Verify the hour is between 2822 and 2400}
Temp := (LastDateTine/10238 - (trunc(LastDateTime/10080)) ) & 108;
TempHour := trunc(Tesip);
if (TempHour ( @) or (TempHour )} 23) then
begin {TempHour not between & and 23}
writeln;
writeln('You have incorrectly entered the hour. Try again!');
write(*Re-enter 7 DTG=} ')}
readln(LastDateTive)
end; {TempHour not between @ and 23}

{Verify the minute is between @ and 68}
Temp := (LastDateTime/189 - (trunc(LastDateTise/120)) ) # 100;
TempMinutes := trunc(Templs
if (TempMinutes ( @) or (TempMinutes ) 68) then
begin {TempMinutes not between @ and 60}
writeln;
writeln('You have incorrectly entered the minutes. Try again!');
write('Re-enter I DTE=) 1)
readln(LastDateTine)
end  {(TempMinutes not between @ and 60}
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52¢5 until (TempDate )= 1) and (TempDate (= 31) and (TewpHour )= @) and
8206 {TempHour (= 23) and (TempMinutes )= @) and (TempMinutes (= 6@) i
297 :
8208 end; (VerifyDIG} ]
e T
0210  (HHHHEHEHEHHHE I H I ) T
0211 {Asks user for last known tise and position of an aerospace object.} e :-j
et
€213 procedure feroPosition; 1
214 3
#8215 begin {ReroPosition} -
16 k
@217 writeln; . ]
0218 repeat {until valid response}
e219 writeln{'Please enter the number for the month the search object was'); 2
0220 writeln{'at the last known position:');
221 writeln;
9222 writeln(* 1 = Jan 4 = fpr 7= lul 10 = Oct');
6223 writeln(' 2 = Feb 3 = May 8 = Aug 11 = Nov'); el
8224 writeln(' 3 = Mar 6 = Jun 9 = Sep 12 = Dec*); C
8225 writeln; S
8226 wite(CKONTH=) )5 Oy
827 readln(LastMonth); RIS
@228 if (LastMonth ( 1) or (LastMonth ) 12) then S b
0229 writeln(’ Incorrect number entered. Please try again!'); — “‘i
®3 writeln L
831 until (LastMonth )= 1) and (LastMonth (= 12); RS
¥
8233 writeln('Please enter the year the search object was at the last known'); g ]
0234 writeln('position (e.g., 1985, 1986, etc.)'); SO
8235 write('YEAR=) '); i

8236
8237
@238

8240
0241
ees2
0243
8244
0245
8246
0287
8248
8249

readln(LastYear);
writelns

writeln;

writeln('Please enter the day-hour-minute the search object was at the');
writein('last known position. Enter it in 7 DTG (Zulu Date-Time-Broup)!);
writeln('format, For example: 9:37 PM, August 4, would appear as'}j
writeln('042137 Breenwich-Mean Time (7=8).7);

write(*TIME (Z DTB)=) ')

readln(LastDateTime) s

VerifyDTG;

writeln;

repeat {until valid latitude)
writein('Has search object'’s last known latitude north or south?');
write(’ (Enter N or S) finswer=) 1);
readln{LatNS);
witeln
until (LatNS = 'N') or (LatNS = "n') or (LatNS = '5') or (LatNS = 's');
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8256 repeat {until valid latitude} :
57 writeln('Please enter the search object''s last known latitude '}; K
] writeln(! (For exasple: 25-Degrees 45-Minutes 13-Seconds = 23.4513)"); -
8259 write(*LATITUDE =) *); i
9268 readln(LastLatitudeKnown) § o
9261 if (LastlLatitudeKnown { @) or (LastlLatitudeKnown ) 99) then 5N
862 writeln('Input latitude must be between 8-9. Try again!’);
9263 writeln B j
8264 until (LastLatitudeKnown )= @) and (LastLatitudeknoan (= 98); T
m 1
8266 repeat {until valid longitude}
0267 writeln('¥as search object''s last known longitude east or west?);
8268 write(’ (Enter E or W) Answer=) Y); )
8269 readln{LongEW);
() writeln T
e until (LongEW = 'E") or (LongEW = 'e’) or {(LongEW = 'W') or (LongEW = 'w'); ’ 11
0272 M
273 repeat {until valid longitude} ‘J
8274 writeln('Please enter the search object’’s last known longitude '); :
®7n5 writeln(' (For example: 168-Degrees 45-Minutes 13-Seconds = 160.4513)');
2276 write (*LONGITUDE =) '); -
en readln(LastLongitudenown) ; :
o278 if (LastLongitudeXnown ( 8) or (LastLongitudeknown } 188) then L
2719 writeln(* Input longitude must be between 8-183. Try again!'); SO
8260 writeln SR
8281 until (LastLongitudeKnown )= 8) and (LastLongitudeknown (= 188); _ __<
0282 writeln )
8283 y
0284 end; {feroPosition} RS
m R
$285  {HEHSHHHHHHHEHHHHHH ) L
0287 {When given the X and Ycomponents froa procedure VectorComponents, this} Y .-
9288 {procedure calculates resultant vector bearing (AvgWindFrom) and }
0289 {magnitude (ResultMagnitude). } j
8299 o
891 procedure AddVectors (var Xcomponent, Ycomponent : real); j.:-j:'q
9293 var TempAngle : real; {Temporary calculation variable} y
2% i
8295 begin {Addvectors} 5
%% ]
e97 {Find resultant angle (in degrees) uncorrected for cowpass position.} . -'j.“
. 2% TeapAngle := arctan(Xcomponent/Ycomponent) # radians; :
8299 s
0300 {Find bearing resulting from TempAngle corrected for compass position.} - J
8301 if (Xcomponent ) @) and (Ycomponent } @) then AvgWindFrom := TempRngle; i ::_;
8382 if ((Ycomponent ) @) and (Ycomporent ( @)) or ey
0303 ((Xcomponent { 8) and (Ycomponent ( @) then RS
6304 if (TewpAngle + 188) ) 360 then o
@385 RvgWindFrom := TewpRngle - 189 R
3% else AvgWindFrom t= TempAngle + 180; -
8397 if (Xcomponent ( ®) and (Ycomponent ) @) then e
i
D-6 . j::
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8310
e
@312
8313
2314
9315
8316
8317
o318
@319

if (TempAngle + 368) ) 369 then
AvgWindFrom := Tewpfingle - 368
else AvghindFrom := Tempfngle + 369;

{Convert RAvgWindFrom to AvgWindTo bearing.}
if (AvgWindFrom + 18@) ) 360 then

AvgHindTo := AvgWindFrom - 180
else AvgWindTo := AvgWindFrom + 180;

{Resultant bearing magnitude is the square root of the sum of}
{ the squared components.}

ResultMagnitude := sqrt(Xcouponent # Xcowponent + Ycomponent # Ycomponent);

writeln(? Xcomponent = ', Xcomponent:5:3) 5
writeln(®Ycomponent = ', Ycomponent :5:3);
writeln

end; {RddVectors}

(HH T )
{This procedure is used if the aerospace object only glides (or falls), or }
{parachutes (after, or in lieu of, gliding) to the surface . It's purpose is}
{to find the altitudes halfway between each altitude for which a wind }
{direction and velocity have been reported, It begins with the next higher }
{altitude winds reported above the surface level wirds, and ends with that }
{wid-altitude that is greater than or equal to the altitude at which the }
{descent began. It then uses these mid-altitudes to determine the affective }
{wind component velocities on the descending aerospace ob)ect. }

procedure GlideOrChute (var IncidentfAlt: real);

var | ¢ integer; {Used as counters}
Tempt, {Used in wind component velocity calculations}
Temp2 t real;  {Used in wind component velocity calculations}
LowAlltitude, {Determines lower range altitude for wind component}
HighAltitude {Deternines upper range altitude for wind component}

¢ array(1,.208) of real;

begin {6lideDrChute}
{Initialize variables}
for I := 1 to 28 do Highfltitudell] := 0.8; Temp! :
for I 3= 1 to 20 do LowAltitudelI] := 0.0; Tewp2 :

{Calculate wind components for each applicable altitude.}

{If IncidentRlt = 500ft, then halve the wind velocity component.}

if IncidentAlt = 500.0 then ReroWinds(1,3] := ReroWinds[1,3) # 0.5

{If IncidentRlt = 1028ft., then wind velocity component remains unchanged.}

if N) 1 then {Confirms parachute opened at or above 1500 feet)
begin (N} 1 loop}
HighAltitudel[1] := 1009.0;

{Start calculations for altitudes above 100@-ft}
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368 I:=2;

9361 repeat
e -
8363 {HighRltitude = altitude halfway between present one and next} .
i 0364 {higher one, unless HighRltitude is greater than Incidentflt.}
- @365 HighRltitudelI} := (ReroWinds[I+1,1] - ReroWinds(l,11) -
9366 /2 + ReroWinds(l,1];
- @367 {LowAltitude = previous HighAltitude.}
' 0368 LowAltitude(I) := HighRltitudelI-1];
0389
e370 if IncidentAlt )= HighAltitudelI] then
LX1)] begin {IncidentAlt )= HighAltitudefI]}
0372 Temp! := (HighRltitude(I] - LowRltitude(I1) / 100@.9;
0373 ReroWinds(1,3] := AeroWinds(I,3]1 # Templ;
8374 le=1+1;
37
0376 if Incidentflt = HighAltitude{I} then
377 begin {IncidentAlt = HighAltitucelI]}
378 {Make next two altitude’s wind components = 9}
9379 Rerolinds(1+1,3) := 0.8; fReroWindslI+2,3] := @.0; "
9380 I:=N {Exit I =2 to N loop}
9381 end {IncidentPlt = HighRltitudelI]}
8382 end {IncidentAlt )= HighAltitudelI1}
9383 else
0384 begin {IncidentAlt ( HighRltitude(1]}
. 23835 Temp2 := (IncidentAlt - LowAltitude(Il) / 1008.8; —«»-«4
i® 9386 Aerokinds(l,3] := feroWinds(l,3] € Temp;
@387
) 6388 {Make next two altitude's wind components = @}
o 8383 ReroWinds[1+41,3] := 8,0; AeroWinds[I+2,3] := 0.0;
- 3% I:=N (Exit ] =2 to N loop}
E 0391 end {IncidentRlt ( HighRltituge(I1}
5 2392 until I = N;
,'. 0393
3 8394 write("Wind Data (6lide or Parachute Opening Altitude to');
y 0395 writeln(’ surface level AGL)');
93% writeln('With Velocity Components Calculated Prior To Vector Addition:');
8397 writeln;

e PRV .
R o e
2 e n ah PEVET I AR

@398 for I := N downto 1 do

2399 begin {for [ = 1 to number of individual wind vectors}

8420 write(' Winds at ',ReroNinds(],1]:6:0Q,' feet: *);

0401 write(ferodinds(1,21:4:8,' degrees at ',ReroWinds(l,3):3:0);

4% writeln(' knots')

9403 end; {for ] =1 to nusber of individual wind vectors}

0434 writeln -
0485 ed {N) 1 loop}
436 end; (BlideOrChute} Lo
g7 T
0408  (HHHHHHHHHHEH S HH ) “
0429 (This procedure is used if the aerospace object glides {or falls) to a lower } )
8418 (altitude at which parachutels) open to slow it's descent to the surface. } -

@411  {it's purpose is to find the altitudes halfway between each altitude for }

D-8

.............................

'y

PRI Y]

e




T Y L TN YT R T TN T T R = e S At T — T T Y Y - - ~—v—  ———— o

%412 {which a wind direction and velocity have been reported. It begins with the }
0413 {mid-altitude that is lower than or equal to the parachute(s) opening }
‘ 6414 {altitude, and ends with the mid-altitude that is higher than or equal to the)
- 8415 {altitude at which the descent began. It then uses these mid-altitudes to )
0416 {determine affective wind component velocities on the gliding (or falling) 1}
2417 {portion of the aerospace object's descent. }
0418
8419 procedure GlideThenChute (var IncidentRlt: real);
%R
0421  var L HL s integer; {Used as counters)
0422 Temp1, {Used in wind component velocity calculations}
8423 Temp2 : real;  {Used in wind comporent velocity calculations}
0424 LowAltitude, {Deternines lower range altitude for wind component}
0425 HighRltitude {Detersines upper range altitude for wind component} R |
0426 s array(1..20] of real;
0427 :
8428 begin {GlideThenChute}
0429 {Initialize variables} .
8438 for I := 1 to 28 do HighRltitudel[l] := 2.8; Templ := 8.0 .
8431 for I 3= 1 to 20 do LowAltitude{I] := 0.08; Temp2 := 0.9; P' o
3R L
8433 {Searches for where the ChuteRlt fits in between Rerolinds array} :
2434 {altitudes, starting at surface level.}
8435 1 := 13 {(Surface levell
8436
0437 repeat
(® 0438 if ChuteAlt ) Aerckinds(l, (1 then 1 3= 1 + 1 T
- : 2439 until Chuteflt (= ReroWinds(I,11; L
< 8441 {Deteraines midpoints between feroWinds array wind altitudes. } l -

o 0442 {Then inserts ChuteRlt and Incidentflt to calculate wind component}
- 08443 {for each reported altitude's actual velocity range of altitudes }

0444 {between wmidpoints. } L 4
0445 -
8446 {First, find the midpoint between ReroWinds array altitudes } o
0447 {between which Chuteflt is located.} B
0448 LowAltitudelI] := ( (ReroWirds(I,1]-ReroWinds(I-1,11) 7 2) +
8449 ReroWinds(I-1,11;
g 9450 _
8451 {Next, find the midpoint between the next given PeroWinds array 1} .- 11
0452 {altitude (above ChuteRlt) and the next altitude above that one. } -
8453 HighAltitudelI) = ( (ReroWinds{I+1,1]-PeroWinds(I,11) 72} ¢ . Lo
. 2454 ReroWinds{],11;
(] O
8456 {If ChuteRlt is at or above the midpoint (LowAltitude), but below } -1
0AS7 {the rext given Aerolinds array altitude, then the velocity } T

8458 {component = the given altitude - ChuteRlt all divided by 1020, )
0459 if ChuteRlt )= LowAltitude(I] then
046D begin .

461 N := I3 {Initialize N at Rerolinds array altitude above midpoint}
<. 8462 Tempt := (Rerolinds(l, 1] - ChuteAlt) / 188 -
. 0463 end L
‘- . L.‘ ':l

- D-9
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0464 else |

8465 {If ChuteRlt is below the midpoint (LowAltitude), but above the } _ 4
466 {last given ReroWinds array altitude, then the velocity component } 1
467 {equals the midpoint - Chuteflt all divided by 1082, } |
8468 begin -
8469 N ¢= I-1; {Initialize N at ReroWinds array altitude below midpoint} T
0470 Tewpl := @; {Ensures Templ has no effect on below calculations} '.j:_:i
8471 ReroWinds(I-1,3] := ( (LowRltitude(I] - ChuteRlt) / 1829) # -
0472 ReroWinds[I-1,3]
873 end; E
8474 Li=N; j
TS !
9476 {If IncidentAlt is at or above the midpoint between the RerocWinds }
un {array altitude and the next higher one, then the velocity } i
8478 {component equals the midpoint ~ the given altitude, all divided } ‘
8479 {by 1009, } :
0482 if IncidentAlt )= HighRltitudelI] then .
0481 Temp2 3= (HighAltitude(I] - ReroWinds(I,11) / 180Q
0482 else ;
0483 {If IncidentAlt is below the midpoint between the ReroNinds array } . ;
2484 {altitude and the next higher one, then the velocity component  } :
8485 {equals the IncidentAlt - the given altitude all divided by 1200, } ST
0486 Tenp2 := (IncidentAlt - ReroWinds(l,11) / 10@8; SR
0487 RN
8488 {Total wind component effect equals the sum of comporent effects } -
8489 {above and below the midpoint between ReroWinds array wind i .
849 {altitudes times the given altitudes velocity. } ]
0491 feroWinds(I,31 := (Temp! + Temp2) % ReroWinds(I,3l;
8492
0493 repeat {until valid response}
0494 if IncidentRlt ) HighRltitude(I] then
8495 begin {IncidentRlt ) HighRltitudelI1} R
0496 [:=1¢1; L
8497 {HighAltitude = altitude halfway between present one and next} B
0498 {higher one, unless HighRltitude is greater than IncidentRit.} ~;:
8499 HighAltitudell]l := (ReroWinds(I+1,11 - AeroMinds(l,11) ]
o500 /2 + ReroWinds[I,1]; )
8501 if IncidentAlt ( HighRltitude[Il then HighRltitudelIl := IncidentAlt;
e .
2503 {LowAltitude = previous HighRltitude.} o 14
0504 LowAltitude(I] := HighRltitudell-11; e
8505 .

: 2506 if IncidentAlt } HighAltitude(I1 then
507 begin {IncidentAlt )= to present altitude liwit.}
#5ed Templ = (HighRititudell] - LowAltitudelIl) / 1028.0; -
8509 ferolinds(l,31 := ReroWinds(I,3]1 ¢ Templ :
510 end {Incidentflt )= to present altitude limit.}
11 else
o513 Tewp2 := (IncidentRlt - LowAltitudel(11) /7 1020.0;

514 fAerolinds(1,3] := ReroWinds(I,3) # Tewpe; -
o515 His I3 .
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8512 begin (IncidentAlt { to present altitude limit.} N 1
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‘ 17
P 8518
s 19
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0541
F (@ 8542

{Zero out final altitude/wind components if nmext-to-last}
{altitude = IncidentAlt.}

if AeroMinds{N-1,3] = IncidentAlt then ReroWinds(I+1,3] := @

end {IncidentRlt { to present altitude limit.}
erd {IncidentRlt )} HighAltitude(I1}
until IncidentAlt (= HighRltitudell3;

writeln("Wind Data (Blide to Parachute Opening Altitude AGL) With");
writeln("Velocity Components Calculated Prior To Vector Addition:');

writeln;

for I := H downto L do

begin {for I = number of individual wind vectors}
write' Winds at ',ReroWinds(l,11:6:0," feet: '};
write(ReroWinds(1,21:4:0,! degrees at ',ReroWinds(l,3):3:0);
writeln(’ knots*)

end; {for I = number of individual wind vectors}

writeln

end; {6lideThenChute}

{ B R R R R R R H R A R S )

{If aerospace object(s) of interest is a (are) pilot(s} or astronaut(s)

{ejecting from a crippled vehicle, this procedure asks the user for
{{)udgmental) performance-type of vehicle. Then it sets the ejection

{distance equal to the standards for that type of vehicle as prescribed in

{the National SAR Manual.
procedure Ejection;
begin (Ejection}

repeat {until valid response}
writeln(' [f aerospace object is a pilot ejecting from a');
writeln(*crippled aergspace vehicle, was that vehicle:*);
writeln;
writeln('{, A turboprop or medium performance jet aircraft’);
writeln('2, A high-performance jet aircraft?);
writeln('3. Neither of the above’);
writeln;
write("ENTERA 1, 2, or 3 =) ');
readln(TypeVehicle) ;
writeln

until (TypeVehicle ) @) or (TypeVehicle { &)}

if TypeVehicle = 1 then EjectDistance := 0.5;
if TypeVehicle = 2 then EjectDistance := 0.8;
if TypeVehicle = 3 then EjectDistance := 0.0

end; {Ejection}
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8568 (Detersines the resultant drift vector bearing and magnitude.}

8569

8570 procedure MindDrift (var IncidentRlt: real); -
8571

8572 wvar I,J s integer; {Used as counters}

o573 BroRads, {Individual bearings converted to radians}

8574 TempAlt, {Used for interim IncidentRlt calculations}

8575 Xconponent, {Horizontal component of individual vectors} K
576 Ycomponent @ real; {Vertical couponent of individual vectors}

77

9578 begin {WindDrift}
8579 {Make duplicate array of WindsAloft for computation purposes}
0589 for I :=1 to Ndo for J := 1 to 3 do ReroWinds[I,J] := WindsRloft[I,J];

8581

9582 {Call procedure 6lide0rChute if aerospace object uses no parachute(s) to }

9583 {descend to surface level. }

0584 if ( (RssignedRit-6lideRltlost) = TerrainHeight) and (MethodDrift = '6') then

8585 SlideOrChute(IncidentAlt);

8586

0587 {Call procedure GlideOrChute if aerospace object uses only parachute(s) to} -

2588 {descend to surface level (no glide or free-fall involved). }

0583 if MethodDrift = 'P? then GlideOrChute(IncidentAlt);

&R

8591 {Ensures the following instructions are used only for the program's }

@552 {initial pass through procedure WindDrift. }

2593 if OnePassCompleted = false then -
‘“° 5%

5% {If aerospace object glides or falls to a lower altitude before using }

25% {parachutes to descend to surface level, then call procedure }

8597 {6lideThenChute for the *fall or glide portion® of the descent. }

0598 if (AssignedRlt - GlideAltLost) )= 500.0@ then GlideThenChute(IncidentRlt);

599 .

068 {At this point, individual wind-component-contributions exist in the}
9601 {cells of Rerolinds array; We now calculate the resultant magnitude }
0c82 {and velocity of these vectors using procedure AddVectors. }
0603 Xcomponent := 8.8; Ycomponent := 0.0 {re~-initialize}

8694 for I :=1to (N-1) do

0685 begin {calculate Xcomponent ard Ycomponent sums}

8506 {Convert all vector's individual bearings into radian units.}
0607 BrgRads := ReroWinds[1,2] / radians;
8608
. 86409 {Total all ReroWinds individual X and Y vector components.} .
. 0610 Xcomponent := Xcomponent + sin(BrgRads) # ReroWinds(I,31;
0611 Ycomponent := Ycomponent + cos(BrgRads) # ReroWinds(I,3)
o612 end; {calculate Xcomponent and Ycomponent sums}
%13
0614 AddVectors (Xcomponent, Yeomponent )
9615

%616 if MethodDrift ='6' then

8617 begin {Gliding or falling object}

T %618 BrgBlideWinds := AvgWindTo; -
D TewpAlt := GlideRltLost / 1000;
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6lideWindSpeed := ResultMagnitude /TempAlt;
end; {6liding or falling object)

if MethodDrift = 'P' then

begin {Rerospace object vees parachute(s) descent} “
BrgParabrift := AvyidindTo} .
TempRlt := InciventRlt / 10203 O
ParalriftSpeed := ResuliRagnitude /TewpRlty )
writeln('The average winds aloft affecting the parachute drift of')}
write('the aerospace object are bearing to !,BrgParaDrift:3:0);
writeln(' degrees at ',ParaDriftSpeed:3:],’ knots.');
weiteln; :
writeln('Refer to the *Parachute Drift Table® in the National')
writeln('Search and Rescue Manual (approximately page 8-12) and'};
writeln(’ interpolate parachute drift distance (in nautical milesi?)
writeln(' from the published chart. For example: For a parachute');
writeln(*opening altitude of 3090 feet (315 meters) and winds aloft?);
writeln(*averaging 15 knots, the parachute drift distance’)
writeln('interpolates to 8.675 nautical miles).')
write(? PARACHUTE DRIFT DISTANCE =) ');
readin(DistanceParabrift);
writeln;

writeln('Refer to the *Parachute Descent Data Table” in the National');
writeIn('Search and Rescue Manual (approximately page 8-11) and");
writeln('deternine the parachute descent rate (in feet~per-second)');
writeln(’ from the published chart. For example: R 28-foot (C-9)?);
writeln('escape parachute at 7208 feet lowers a person at a rate of');
writeln('21.4 ft/sec, while the three, 83-ft.-diaweter parachutes'); S
witeln{’on the Apollo space capsule allowed for a 32.5 ft/sec'); -
weiteln{’descent at this same altitude.'); o
write('PARACHUTE DESCENT RATE =) ')
readln{RateParaDescent) ;

witeln;

(®

{Calculate parachute descent rate in sinutes) o
TimeParaDescent := IncidentRlt / (RateParaDescent#6d);

if OnePassCompleted = false then
begin {procedure AeroGlide has not been used by prograsm)
repeat {until valid compass heading} .
writeln('Please enter descent or bailout heading, if known'); . e
write(’ (Enter 361 if not known), HERDING (8-361) =) ')} Sy
readln(DescentHeading); . T
if (DescentHeading ( @) or (DescentHeading ) 361) thenm -
writeln(*This heading must be between 8-361. Try again!'); o
witeln
until (DescentHeading )= @) and (DescentHeading (= 361); .
Ejection; L

143 3 k83444443040 F 433 143 3 - P44 3444449 4443414 4

{Finds maxiwum aerospace displacement vector} -
BrgRads 1= BrgParalrift / radians; .




3 %67 Xcomponent i= sin(BrgRads) # DistanceParaDrift;

h %73 Yoomponent := cos(BrgRads) # DistanceParabrift;
0674 -

- %675 if (DescentHeading ( 361) and (EjectDistance ) €.@) then

- %76 begin {descent heading known and EjectDistance significant}

_-j'. %17 BrgRads 1= DescentHeading / radians; .

b 9678 Xcosponent := Xcomponent + sin(BrgRads) 3 EjectDistance; -

h 679 Ycomponent := Ycomponent + cos(BrgRads) # EjectDistance; ;
9680 fddVectors{Xcomponent, Ycomponent ) 3

[ 0681 TotalBrg := AvgWindFrom;

b 0682 TotalDistance := ResultMagnitude

& 8683 end {descent heading known and EjectDistance significant}

| 0684 else

0685 begin {descent heading and EjectDistance nui both significant}
0686 TotalBrg := BrgParabrift;
0687 TotalDistance := DistanceParaDrift;
0688 if DescentHeading = 361 then
9689 if EjectDistance } 6.8 then
069 TotalRadius := EjectDistance
9691 end {descent heading and EjectDistance not both significant} .
0692 end; {procedure Aeroblide has not been used by program} )
0693 -
894 if OnePassCompleted = true then R
0695 begin {Rdding parachute data to glide descent data for total vector.} .
9696 {Finds total aerospace displacement vector} o
0697 BrgRads := BrgParaDrift / radiansj —
0698 Ycomponent := sin(BrgRads) # DistanceParaDrift;
%99 Ycomponent := cos(BrgRads) # DistanceParaDrift;
e BrgRads = TrajectBrg / radians;
o701 Xcomponent := Ycomponent + sin(BrgRads) # TrajectDistance;
072 Yoomponent := Ycomponent + cos(Br-Rads) # TrajectDistance; o
o7e3 AddVectors(Xcomponent, Ycomponent } § N~
0784 TotalBrg := AvgWindFrom; -
a7es TotalDistance := ResultMagnitude;
7% TotalRadius := TrajectRadius
o end {Adding parachute data to glide descent data for total vector.}
6768 end; {Rerospace object uses parachute(s) descent}

78

9710 OrePassCompleted := true

9711  end; {WindDrift}

0712

0713  (HHEHHHHHHHHH R ) .
9714  {(Prints keyboard-input wind altitudes, directions, and velocities, on the}
@715  {video screen for user verification.}

716

9717 procedure WindCharts

718

0719 var I 3 integer; {(Used as a counter}

€721 begin {WindChart}
o2 for 1 3=1 toNdo s
a3 begin {for I =1 to number of individual wind vectors} .
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0724 write(l:2,’. Winds at *,WindsRioft(l,1]:6:0,' feet: );

7S write(WindsRloftll,21:4:0," degrees at ',WindsAloftl],31:3:0);
9726 writeln(® knots’)

o2 end {(for I =1 to number of individual wind vectors} e
9728  end; (WirdChart} e
729

0730  (SSEEHEHHHHAHHHHHIHHHHBHEHAH I HE I H HHHH H HHE)
9731  {Rllows user to change wind altitudes, directions, ard velocities, entered}
9732 (below in procedure InputWinds.)

9733

9734  procedure VerifyMinds;

LTS ‘

8736  var WindCheck : char; {Used to verify input wind data) S
731 J t integer; {Used as a counter} -
0738 WindError : integer; {Used to indicate which input wind data is in error}

L 12)

9740  begin (VerifyWinds}
o7Mt WindCheck 2= 'Y'; WindError := -1; {initialize}

o742 R
0743 {Verify input wind directions and velocities.} —eea
o744 WindChart; {(Prints current wind data on video screen} . ‘
0745 -
0746 repeat {until NindCheck = valid response) b
0747 writeln; MR
0748 writeln('fre these altitudes, wind directions, and wind')y b
0749 wite(’velocities all correct? (y/n) '); ——
8750 readIn{WindCheck) - .
75t writeln
0752 until (WindCheck in ValidAnswers); S
o753 AN
875  while (MindCheck in No) do -
LT begin {while WindCheck = NO} e i
0756 repeat {until WindError = @ o 20) - -
077 writeln("bhich line is in error?); o
o758 write("Enter nuaber, or zero for none) =) '}
L 1] readin(HindError);
0760 writeln
9761 until (KindError )= 8.8) and (WindError { 21.0);
8762 -
0763 if WindError ) 0.0 then
9764 begin {if an input lire is identified as being in error}
0765 write('Please enter altitude, wind direction ') .
0766 writeln(’and velocity to replace:’}s
67 write (NindsRloft (MindError, 111418, '); : T
0768 write(WindsAloft (WindError,2134:0)§ T
0769 write(’ ' Nindsfiloft (WindError,31:4:8," =) ") .
e for J 1= 1 to 3 do read(WindsAloft (WindError, J1)§ s
o1 writelns(2) O
e erdy  {if an input lire is identified as being in error) -
LA
774 WindCharty {Prints current wind data on video screen} -
o T
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978t
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878
787
0788
0789
7N
6791
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9733
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7%

o797

79

writeln;

repeat {until valid WindCheck response}
write('fAre all other lines correct? (y/n} ');
readIn(WindCheck) §
writeln

until (WindCheck in ValidAnswers)

end; {while WindCheck = NO}
CLRSCR
end; {VerifyWinds}

{HHHHHHHHHHHHH HHHHH S HHH S R )
{Queries user for altitudes at which the aerospace-object begins to fall or }
{glide, or to deploy parachute(s). Them it asks for wind directions and }
{velocities at those altitudes through which the object descends. The user }
{is allowed to verify/change any input data before it is used in determining }
{the resultant drift vector bearing and magnitude by procedure ParaDrift. 1}

procedure InputWinds (var IncidentAlt : reall;

var I, {Used as counter}
P : integer; {(Tracks & of input wind altitudes above IncidentAlt}
Temp2 s real;  {Confirms input wind altitudes are multiples of 1008}

begin {InputWinds}
P := 8; {Initialize}
CLRSCRy

{Starts bulk of winds alcft computations if Incidentflt )= SQoft.}

if IncidentAlt }= 500.0 then

begin {wirds aloft computations}
{Begin entry of individual wind components for applicable altitudes,}
writeln;
writeln("PLEASE ENTER REPORTED QR FORECAST WIND DIRECTION AND VELOCITY');
writeln{*FOR EACH KNOWN ALTITUDE WITHIN THE FOLLOWING CONSTRAINTS:');
writeln;
writeln(*l. You wust input the altitude, wind direction (@ to 36%), and');
writeln('  velocity (@ to 99), from surface level up to the altitude at’};
writeln(' which the power—off descent began or parachute(s) opered,’);
writeln(* whichever is higher, You will then be asked to enter one');
writeln(® higher altitude for which wind data is known. Finally, you');
weitein(® will be able to verify your input data before any’);
writeln(' computations are made.');
writeln;
writeln('2. Rltitudes must be entered in rounded thousands of feet,’);
witeln(' e.g., 30N, 7020, 12680, not 3500, 5208, etc.');
writeln;
writeln('3, An example follows of input altitude/winds data format:');
writeln;
wite(' ALTITUDE = @ (Surface level)} Enter lowest');
writeln(’ altitude first!');
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9828 writeln(® WIND DIRECTION = 338')s
: 2829 writeln{' WIND VELOCITY = 25');

9430 writeln;

- 9831 write("HIT RETURN (Once or twice, as necessary) TO CONTINUE')j
0832 readlni{continue); {Pauses program before next clear—screen command}
9833 CLRSCR;

00

€33 {Input surface winds}

_ 8836 weite('Begin altitude/wind data input starting with surface');

s 0837 writeln{’ level winds:');
8338 writeln(*ALTITUDE = @');

r m .

¢ 0840 repeat {until wind direction = 8-368 degrees}
0841 write ("WIND DIRECTION = *)3

k 2842 readln(NindsAloft(1,2])3

{ 0843 if (WindsAloft(1,2) ( @.®) or (Windsfloft(1,2] } 368.8) then

' 0844 begin {Wind direction not in @-360 degree range}

f 0845 writeln(*'Wind direction smust be between 9 and 360. Try again!');

: 8346 writeln
2847 end  {Nind direction not in 8-350 degree range}
0848 until (WindsAloft(1,2] }= 8.8) and (Windsfloft[1,2] (= 30.9);
8849
0850 repeat {until wind velocity = 8-99 (knots, or whatever} }
9851 write("WIND VELOCITY =1);
[ +5%] readIn(WindsAloft[1,31);
8853 if (WindsAloft(1,3] ( 0.0) or (WindsAloft(1,37 } 99.8) then
8854 wreiteln{'Wind velocity must be between @ and 99. Try again!')y
8855 writeln
8336 until (NindsRloftl1,3] )= 0,8) and (NindsPloftl1,3] (= 99.9);
0857
9858 {Input winds at other altitudes)
2859 1 3= 15 {Used to repeat loop until all valid winds are input}
9860 N := 1; {Used to note nusber of altitudes vsed}
13
9862 if (IncidentRlt - TerrainHeight) )= 1500 then
0863 begin {for altitudes )= 1500 feet}
0864
8865 repeat (until I =21)
8866 T:=1+1;{]=2¢to28 individual altitudes/winds data input loop}
z; N 1= N + {; {Notes number of altitudes used}
0869 {Repeat altitude input process until the next altitude input is at} .
o870 {least 1082 feet higher than the previous one, greater than 1089, }
ean {100 feet, and less than or equal to 42000 feet.}
eare repeat
0873 wite("ALTITUDE = )3
8874 readln(NindsAloft(],1)); WA
08 r.._.
7% if WindsAloft(l,1) { WindsAloft(I~1,1] then .
an begin (Input altitude must be greater than previous one input} I
ta78 write('This altitude wust be higher than the last altitude'); L4
0879 writeln(' input. Try again't)y v
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writeln
end;  (Input altitude wust be greater than previous one input}

if WindsRloft(I,1]1 { i8e3.d then

begin {Input altitude must be }= than 1000}
writeln(’ This altitude sust be )= 1800, Try again!');
writeln

end; (Input altitude must be )= than 1000}

Tewp2 :=(WindsRloft (1,11 /1000.0)-trunc(WindsAloft{I, 1] /1000.8);
if Tesp2 () 0,0 then
begin {(WindsRloft must be a multiple of 1008}
write(’This altitude must be a multiple of 1000 feet.”);
writeln(* Try again!');
writeln
end; {WindsAloft wust be a multiple of 1608}

if WindsRloft(I,1] ) 42820.8 then

begin {Input altitude must be less than 42009}
writeln(’This altitude aust be (= 42009, Try again!');
writeln

end  {Input altitude must be less than 42009)

until (WindsRloft[I,1] ) WindsAloft(I-1,1]) and
(HindsAloftll,1] )= 1089.0) and (WindsRloft(I,11 (= 42008.0);

repeat {until wind direction = @-368 degrees)
write ("WIND DIRECTION = ")3
readin(WindsQloft[1,21)
if (WindsRloft(I,2] ( 9,8} or (WindsAloft{I,2] )} 368,0) then
begin (Wind direction not in 8-360 degree range}
write('Mind direction must be between @ and 368. Try again!');
writeln;
writeln
end {Wind direction not in 8-360 degree range}
until (WindsAloft(I,2] )= 0.8) and (WindsRloft[1,2] (= 368.0);

repeat {until wind velocity = 8-99 (knots, or whatever) }
write("WIND VELOCITY =');
readin(WindsAloft(1,31)
if (WindsRloft(I,3] ¢ 6.8 or (NindsRloft(I,31 ) 99.8) then
writeln({'Hind velocity must be between @ and 99. Try again!')s .
writeln
until (WindsAloft(1,3) )= 8.@) and (WindsRloft(I,3] (= 99.0);

{P notes first altitude )= IncidentRIt (RAGL) and requests one more}
if (WindsRloft(I,1] )= IncidentAlt) then
begin {Input altitude )= IncidentAlt (AGL))
Pi=pP+ i
if P =1 then
writeln(’Enter data for just one more, higher altitude.')y
witeln
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end; {Input altitude )= IncicentAlt (RGL)}

{P notes second altitude) IncidentAlt (RGL) then terminates the input loop}
{by setting I equal to 21.}
if (WindsRloft(I,1) )= IncidentRlt) and (P = 2) then I := 21

until I =21
end; {for altitudes )= 1508 feet}

CLRSCR;
VerifyWinds;
WindDrift (IncidentRlt)

end {winds aloft computations}
end; {InputWinds)

(R H I H A H )
{Asks user for aerospace ohbject glide information, if applicable.}

procedure feroblide;
const Fthm = 6076;

var Xcomponent, {Horizontal component of individual vectors}
Ycomponent : real; {Vertical component of individual vectors}

begin {Reroblide}
Xcomponent := 0.8; Ycomponent := 0.0; {initialize}

repeat {until valid blide Ratio}
writeln{'Please enter the aerospace object''s power—off glide ratio.’);
writeln(’ (Refer to object’’s operations manual, if one exists.}')
writeln(*Otherwise, enter best estimate. For exawple: If the object');
writeln('glides 3 feet horizontally for every foot of vertical descent');
write(' (3/1), enter a 3.  GLIDE RATIO =) ');
readIn(BlideRatio) ;
if GlideRatio ( @ then

writeln({'6lide Ratio wust not be less than zero. Try again!');

witeln

until GlideRatio )= @

GlideDistance 3= (BlideRatio # GlideRltlost) / FtNm; {Converts ft to rm}

repeat {until valid cospass heading}
writeln({'Please enter descent or bailout heading, if known');
write(' (Enter 361 if not known), HERDING (0-361) =) ');
readIn{DescentHeading) ;
if (DescentHeading { @) or (DescentHeading ) 361) then

writeln(' This heading must be between 8-361. Try again!');

writein

until (DescentHeading )= @) and (DescentHeading (= 361);
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9984
- 0985 repeat {until valid descent rate}
i 8986 writein('Please enter aerospace object!'s rate of descent in');
0387 write(' feet-per-minute. DESCENT RATE =) ');
2938 readln(DescentRate) ;
2989 if DescentRate ( @ then
09% writeln{'Descent rate must not be less than zero. Try again!’);
- 0991 writeln
i 8%  until DescentRate )= 03
0993 DescentTime := GlideAltLost / DescentRate;
0394

0995 {Returns average wind affecting object from incident altitude to parachute}
99% <{opening altitude or surface level.}
- 8997 InputWinds (RssignedRlt);

. 2938 WindDisplacewent := (GlideWindSpeed / €8) # DescentTime;
0999
1800 if DescentHeading { 361 then {Descent or bailout headirg known}
1eet begin {Calculate resultant vector of 6lide + Wind vectors.}
102
1093 {Convert winds bearing on gliding object into radian units.}
) 1004 BrgRads := BrgGlideWinds / radians;
1085 Xcomponent := sin{BrgRads) # WindDisplacement;
1686 Yoomponent := cos(BrgRads) # WindDisplacewent;
1007
1008 BrgRads := DescentHeading / radians;
o 1009 Xcomponent := Xcomponent + sin(BrgRads) # BlideDistance;
£ «(© 1010 Yoomponent := Ycomponent + cos(BrgRads) # GlideDistarce;
g 1011 AddVectors{Xcomponent, Yoomponent ) 3
1612 BrgMaxBlide := AvgHindTo;
1013 MaxDistanceGlide := ResultMagnitude
. 1014 end {Calculate resultant vector of Glide + Wind vectors.}
1015 else
‘ 1016 begin {descent or bailout heading unknown}
1017 BrgMaxGlide := Brg6lideWinds;
1018 MaxDistanceBlide := WindDisplacement;
1019 MaxRadiusblide := BlideDistance
1620 end; {descent or bailout heading unknown}
1021
d 1022 if (Assignedflt - Glidefltlost) )= 500.0 then
1623 begin {Parachute(s) were used}
1824 Ejection;
\ 185
. ’ 1026 {Calculate resultant vector of MaxGlide + Bailout vectors.)
> 1627 BrgRads := BrgMax6lide / radians; {Convert bearing into radian units.}
1628 Xcomponent := sin(BrgRads) ¢ MaxDistanceGlide; 4
1829 Ycomponent := cos(BrgRads) # MaxDistanceSlide; S
1030 ]
1031 if (DescentHeading ( 361) and (EjectDistance } @.8) then SN
1032 begin {Descent heading known AND EjectDistance ) 0} o]
> - 1833 {Convert bearing into radian units.) "
‘. 1034 BrgRads 1= DescentHeading / radians;
- 1835 )
D-20 i
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1036
1837
1038
1639
1049
1041
1042
1043
1844
1045
1046
1047
1048
1049
1650
1851

1053
1054
1955
1056
1057
1858
1859
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1e70
1071
1072
1973
1074
1075
1076
on
1078
1079
1080
1e81
1882
1ea3
1084
1085
1086
1087

{Total all vector's individual X and Y components.}
Ycomponent := Xcomponent + sin(BrgRads) # EjectDistance;
Ycomponent := Ycomponent + cos(BrgRads) # EjectDistance;
RddVectors (Xcomponent , Ycosponent ) §
TrajectBrg := AvgWindTo;
TrajectDistance := ResultMagnitude
end  {Descent heading krown AND EjectDistance } 8)
else
begin {Descent heading unknown OR EjectDistance = 8}
TrajectBry := BroMaxGlides
TrajectDistance := MaxDistanceblide;
if DescentHeading = 361 then
if EjectDistance } 0.9 then
Trajectfadius := MaxRadiusGlide + EjectDistance
else TrajectRadius := MaxRadiusGlide
end; {Descent heading unknown DR E)ectDistance = 8}

MethodDrift := *P'; {Switches from "6" to "P" mode as new MethodDrift}

WindDrift (Chutedlt)

end  {Parachute(s) were used}

{ReroGlide}

procedure 6lideData;

beyin {GlideData}
MethodDrift := '6'; {Selects "6lide” mode as the method of drift.}

repeat {Until valid RssignedRlt response}

write('Approximate (to the nearest 5¢0 feet) at what altitude ');
writeln{'above' };

write('wean sea level (MSL) did the aerospace object’’s ')
writeln{! power-of f*);

write('descent begin? (If unknown, enter the ¥SL height of the ');
writeln('last?);

write('assigned flight altitude,) ALTITUDE=) *};
readin{Rssignedflt);

{Used to ensure fAssignedflt is a multiple of 500}
Temp 1= ( AssignedRit/50.8 ) ~ trunc{ RssignedRit/509.8 );
if Temp () © then

writeln(’Given altitude is not a multinle of 509 ft.');
writeln

until AssignedAlt ) TerrainHeight
AssignedAlt = fAssignedAlt - TerrainHeight; {Convert to AGL altitude}

repeat {until valid altitude)

writein('Please enter the altitude lost (to the nearest 59 feet)');
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1088 writeln('between the above altitude and the bailout/parachute!);
) 1883 writeln('deploywent altitude. Rltitude lost must be at least 500');
:i 109 writein('feet. (If parachutes were not used, enter the altitude');
1091 writeln('lost before surface contact.)?);
19% write(*ALTITUDE LOST =) )3
1893 readln(BlideAltlost);
e 109
& 1095 {Used to ensure GlideRltLost is a multiple of 500}
i 1096 Towp 3= ( Glidefltlost/589.0 ) - trunc{ GlidefltLost/500.0 );
1897
1098 if Temp () @ then
1899 begin {GlideAltLost not multiple of 5@ feet)
1108 wreite(*Given altitude lost is not a multiple of 50 ft. ');
. 1181 writeln('Try again!')
[u 1ee end; {6lideAltLost mot multiple of 500 feet}
, 113
1184 if 6lidefltiost ( 588 then
1165 begin {GlidefltLost not )= 5€@ feet}
, 1106 write(*This altitude must be at least 588 feet. ');
' 1167 writeln("Try again!?)
1198 end; {6lideAltlost not }= 588 feet}
1189
1110 if GlideRltlost ) Assignedhlt then
1111 begin {6lideflitlost greater than possible}
1112 write(*It is impossible to lose wore altitude than you have. ')}
1113 writeln{*Try again'')
1114 erd; {6lidefiltlost greater than possible}
115
1116 writeln
17 until (Temp = 0.8 and (GlideRltLost }= 500) and
1118 (BlideRltLost (= RssignedAlt);
1119
1128 ChuteRlt := AssignedRlt - 6lideRltlost;
1121 fleroBlide '
1122
1123 end; {BlideData)
1124
1125 (S R )
1126 {Bathers additional information concerning the aeraspace object's parachute }
1127  {descent before commencing calculations, }
1128
1129 procedure ChuteData;
1130
1131 begin {ChuteData}
1132
1133 repeat {until valid response}
1134 writeln('After receiving report of the search object''s last known'};
1135 writeln('coordinates (lat/long), did the object successfully use');
1136 write('parachutes to descend? (y/n) =) i3
13 readlin(chute) ;
1138 writeln 1

1139 until (chute in ValidAnswers) T
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1140 ]
1141 if (chute in Yes) then L g
1142 begin {parachute(s) used} J
1A3 SethodDrift := 'P'; {Selects "Parachute mode as the method of drift.} B
114 -
1145 repeat {Until valid IncidentAlt response} L
1146 write('Approximate (to the nearest 500 feet) at what *); 3 ,_‘J_Z}
1u8a writeln("altitude'); PR
1148 write('above mean sea level (MSL) did the parachute(s) ');
1149 writeln{*open?);
1150 writeln(' (Enter a zero if descent began below 589 feet AGL)')§
1154 write "ALTITUDE=) '); :
1R readln(IncidentAlt);
1153 .
1154 if ( (IncidentAlt-TerrainHeight) ( 500 ) and
1155 (IncidentAlt () 0.8) then
1% begin {IncidertAlt not )= 560 feet AGL)
1157 write(*This altitude must be at least 508 feet ABL. ')}
1158 writeln(*Try again!'); B
159 witeln(’ (Type a zero if not applicable)") L 3
1160 end; {IncidentRlt not )= 588 feet AGL} | 1
1161 R
1162 if IncidentAlt = @ then S
1163 begin {Parachute(s) not effectively used} :
1164 writeln; o
1165 writeln('By entering a zero to this question you have'); e
1166 writeln('indicated that parachute(s) were not used 580'); -
1167 writeln(’ feet or more above surface level, This means')y
1168 writeln(’ parachute drift does not significantly affect');
1169 writeln('the surface position of your search object.!);
1178 writeln{'You should, therefore, proceed with search’); .
11 writeln('planning using the object'’s last known position'); L
117 writeln('as the surface starting (DATUM) point.?); -
13uni end;  {Parachute(s) mot effectively used} |-
1174 .
17 {Used to ensure IncidentAlt is a multiple of 502} el
117 Tesp := ( IncidentA1t/508.8 ) - trunc( IncidentRlt/500.0 ); , S
un writeln v
1178 {IncidentAlt must be 588-42000 feet and in units of 500 feet, or = 8} .
179 until (IncidentAlt )= 0.8) and (IncidentAlt (= 42000.8) and
1180 (Temp = 0.90); .
1181 . ;
1182 Chutefilt := IncidentRlt - Terraindeight; {Convert to ASL altitude}
1183 {If ChuteRlt }= 508 feet then continue with program run, else terminate.} T
1184 if Chutedlt () 8.8 then InputWinds(Chutedlt) .
1185 vl
1186 end  (parachute(s) used} RO
1167 end; {ChuteData} XN
1188
1189  (FHEEHHHH I A )
119 {Prints out record of search planning inputs and calculations from} SRR
1191  {this progras. ) R
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1192 )
1193 procedure WriteToDisk; !

1194

e varl : integers i
1196 LastDegree, L
1y LastMinute : real; b
1198 ReroDat : text; !_‘-_‘
1199

1208 begin {WriteToDisk}
1201 assign{feroDat, ' AeroData’);
128 rewrite(feroDat);

1283
{ 1204 LastDegree := trunc(LastLatitudeknown);
" 1205 LastMinute := round( (LastlatitudeKnown-LastDegree) # 100}
1206 write(feroDat,"Missing aerospace ohject/pilet(s) last known positions');

1287 if LastDegree { 10 then write(feroDat,’ 8',LastDegree:1:e,'-")
1208 else write(ReroDat,’ *,LastDegree:2:9,'-');
1289 if LastMinute { 18 then write(ReroDat,’®’,LastMinute:1:0,’ ")

| - 1210 else write{feroDat,LastMinute:2:9,* ");
’. te11 if LatNS = 'N' then write(ReroDat,'North') else write(ReroDat,!Scuth); .
1212

1213 LastDegree := trunc(LastlongitudeKnown)

1214 LastMinute := round( (LastLongitudeKnown—LastDegree) # 108);
1215 if LastDegree ( 18 then write(ReroDat,! ®',LastDegree:1:0,'-")
1216 else write(feroDat,’ *,lastDegree:2:9,'-');

1217 if LastMinute ( 18 then write(ReroDat,'®’,LastMinute:1:8,' ')

(® 1218 else write(feroDat,LastMinute:2:9, ')
1219 if LongEW = "W' then writeln{RercDat,’West’) else writeln{RercDat,'East?);
1e2e
1221 {Prints a zero in front of one-digit dates in 7 DT6 format}
1222 if trunc(LastDateTime / 12080) { 19 then
1223 writeln(fercDat,’Time: @',lastDateTime:5:8,*7 ',LastMonthi2,?/?,LastYear:4) .
1224 else
1225 writeln(ReroDat, ! Tines ',LastDateTive:6:8,'7 ',LastMonth:2, ' /! LastYear:dl;
1226
1ee? if GlideAltlost ) 9.8 then
1228 begin {indicates procedure Peroblide was used}
1229 write(feroDat,' Incident or last assigned altitude = ')y
1239 writeln(feroDat, (AssignedAlt+Terraindeight) :6:0,' feet MSL');
: 1231 write(ReroDat,'Surface level or terrain height =)
§ 1232 writeln(PeroDat, TerrainHeight :6:9,' feet MSL');
:{.‘. . 1233 write(feroDat, "Altitude lost during glide or descent = ')}
r'—' 1234 writeln(feroDat,GlideRltlost:6:0," feet');
o 1235 write(feroDat, 'Power—off glide ratio (Hz/Vertical) =')3
1236 writeln(ReroDat,GlideRatio:6,! to 1)}
= 1237 write(ReroDat,"Maximum horizontal glide distance =1);
.- 1238 writeln(ReroDat,BlideDistance:6:1," nautical miles');
» 1239 if DescentHeading ( 381 then
L - 1240 begin {descent heading known}
- 1241 write(feroDat, 'Descent or bailout heading =)
1242 writeln(ReroDat, DescentHeading:6:8,? degrees True') -
N 1243 end  {descent heading known} '
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1244 else 4
1245 begin {descent heading unknown} b
1246 write(RercDat, 'Descent or bailout heading =)y -]
1247 writeln(feroDat, ! Unknown' } {
1248 end; {descent heading unknown} g
1249 if DescentRate )} @ then N
1258 begin
1251 write(ReroDat, *Rate of descent =1); )
1252 writeln(ReroDat,DescentRate:6:0,' feet per minute');
1253 write(ReroDat,'Time of descent =)
1254 writeln(feroDat,DescentTine:6:8,* minutes’)
1255 end; R
1256 write(feroDat, ' Average descent wind bearing =)y ]
1257 writeln(feroDat, Brg6lideWinds:6:0,! degrees True'); "]
1258 write(feroDat,'Average descent wind velocity (knots) = ');
1259 writeln(ReroDat,6lideWindSpeed:6:9,! knots');
1260 write(feroDat, 'Rircraft displacement due to winds = *)j
1261 writeln(feroDat,WindDisplacement:6:1,’ nautical miles'); )
1262 write(ReroDat, 'Maxinus glide bearing = 1) 1
1263 writeln(feroDat, BrgMax5lide:6:9," degrees True'); § 4
1264 write(feroDat, *Maximum aircraft glide =) '
18265 writeln(ReroDat,MaxDistanceGlidesb:1,? nautical miles'); o $
1266 if MaxRadiusGlide ) 8.9 then o ]
1267 begin {(MaxRadiusGlide} @ due to uncertain data inputs} "9
1268 write(ReroDat, 'Maximum glide radius =1) oo
1269 writeln(feroDat,MaxRadiusGlides6:1,! nautical miles.’) el
1270 end; {MaxRadiusGlide} @ due fo uncertain data inputs} ]
1en if EJectDistance } 8,0 then J
1272 begin {aerospace object is/are pilot(s) ejecting)} g )
1273 write(feroDat,'Ejection displacement =9); St
1274 writeln(ReroDat, EjectDistance:6:1," nautical miles') -]
1275 end; {aerospace ohject is/are pilot(s) ejecting} ]
1276 write(RercDat, 'Rerospace-trajectory drift bearing = ')3 L 4
127 writeln(ReroDat, TrajectBrg:6:0," degrees True'); ‘ s
1278 write(feroDat, ' Rerospace-trajectory drift distance ='); Lol
1279 writeln(ReroDat, TrajectDistance:f:1,' nautical miles'); ':-fj K
1269 if TrajectRadius ) ©,8 then oo
181 begin (TrajectRadius ) @ due to uncertain cata inputs} S
1282 write(feroDat, 'Rerospace-trajectory drif. radius =)
1283 writeln{ReroDat, TrajectRadius:6:1," nautical miles.') \h _1
1284 end  {TrajectRadius ) @ due to uncertain data inputs) D
1285 end; ({indicates procedure RercBlite was used); b
1286 z' - K
1287 if MethodDrift = 'P! then RN
1288 begin {indicates parachute(s) used) o
1289 write(ReroDat,'Bailout /Parachute opening altitude =1); - i
129 writeln(feroDat, (Chuteflt+Terrainteight) :6:0,’ feet MSL'); S
1291 if GlideRItlost = 0.@ then SR
1292 begin (if TerrainHeight not previously recorded via glide calculations} [:'ﬁ'
1293 write(ReroDat, 'Surface level or terrain height =) '
1294 writeln{fRercDat, TerrainHeight:6:3,* feet MSLY)
1295 end; {if TerrairHeight not previously recorded via glide calculations}
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12% writelferclat, "Wind bearirg affocting para-descent =1');

- 1297 writein(ferodat, BrgParalrift :6:2,' cegrees True');
1233 write(Qerclat,'Wird velocity affecting para-descent =1')j -
1299 writeln(Rerolat, ParalriftSpeed:fal,? knots');
130 write(RercDat,Parachita $able descent rate =) o
1301 writelnl{fiercDat, IateParalescent :6:1," feet per second’); o
1222 write(ferodat,'Parachute drift table distance =1);
1323 writeln(RercDat,DistanceParadrift:6:1,! nautical miles');
1324 if (BlicdeAltlost = 8.®) ard {EjectDistarce ) 0.8) then
{ 1305 hegin {if EjectDistance not previously recorded}
3 1228 write(RercDat,'Ejection displacenent =)
- 1397 writeln{ReroDat,EjectDistarce:6:1,' nautical miles’)
1328 end; {if EjectDistarce not previously recorded}
- 1329 write(ferclat,'Total aerospace drift bearing =) -
o 13:2 writeln!ferolat, Totalbrg:6:2," degrees True');
i 1311 write{PeroDat,'Total aerospace drift distance S H
132 writeln(fercDat, TotalDistance:bsl,? nautical miles');
1313 if TotalRadius ) @.2 then
1314 tegin {TotalRadius )} @ due to uncertain data inputs}
1312 write(PeraDat,'Total aserospace drift radius =1)3 . -
1336 writeln(AeroDat, TotalRadius:6:1," nautical miles’)
1317 erd; {TotalRadius } @ due to uncertain data inputs)
1318 write{RaroDat, ' Total time of parachute descent =1);
1318 writeln(feroDat, TineParaDescent :6:1,' minutes’);
1320 R
° 1321 end; {indicates parachute(s) used} .

1322 -
1323 writeln{fercDat,’ *); T
1324 writeln(feroDat,’ Wind [ata Used To Calculate Rbove Results:');

1325 {Write out record of winds aloft used by progras}

1326 for 1 :=1toNdo

1327 begin {I =1 to number of winds/altitudes used by program} . -t
1328 write(feroDat, 1:2,', Winds at ', WindsAloft(l,11:6:0,' feet: ') .
1329 write(RercDat,WindsRloft{1,21:4:0,' degrees at ',WindsRloft(I,31:3:8);
1339 writeln(ferolat,’ knots')
1331 enrd; {I =1 to number of winds/altitudes used by program}
13
1333 close(feroDat)
1334
1335 end; {WriteToDisk}
1336
1337 (HEIREHHAE P R P R T H S ) ‘
" 1338  {Provides user with program information, liwitations on use and license. }

1339
1340  procedure Warranty; T
1341 _
1342 var continue : char; {Bogus read variable provides ticze to read warranty)
1343 e
1344  begin (Marranty} o

. 1245

K 1246 write() (FREREHBHEHEHH IR H B ) <
1347 writeln (! S H MR PR B S HECH R R HEERERER) )
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1348 write(’ (2 SEARCH PLRANING SOFTWARE ') L
1349 writeln(® (PROGRAM 41 CF 2) 0y

1359 write(' (¢ TITLE: AERDDRIF.COM (Rerospace Drift '); T
1351 writeln("Algoritha) )y :
1352 write(’ (¢ VERSION: 1.1 for CP/M ) S
1353 writeln{*Operating Systes #')4
1354 weite(* (¢ DATE WRITTEN: September 1984); R
135 witeln(® ')y R
1356 write(" (& LICENSE: COPYRIGHT 1984");

1357 writeln(’ D. RICK DOUBLAS LI

1358 write () (FEHHHHHEHHHHHHE HHHH L )

1359 writeln (" S EHHHHHEHHH M) )

1360 write("The author makes no express or implied ');
1361 writeln(*warranty of any kind with regard to’);
1382 write('this progran gaterial, including, but ');
1363 writeln(*not limited to, the implied warranty of')y
1364 write("fitness for a particular purpose. ')}
1365 writeln{'The author shall not be liable for')y

1366 write(’incidental or consequential damages *);
1367 writeln(*in connection with or arising out of')y .-
1368 write(* furnishing, use, or performance of this ')

1369 writeln("progran. The reader MUST HAVE a solid*);
1370 write("understanding of search and rescue *);
131 writeln{"methodology before using this software in');

oSBT ”
.
e b

13 write('waking decisions where humsan life is at '); .
1373 writeln(®risk, In fact, since no amount of?); —
(® 1374 write('testing can uncover 10%% of program '); .
' 1375 writeln{"errors, this progras is recoemended for'); .
1376 write('training use only. Prior atteadance ')j

13717 writeln(®at the United States Coast 6Guard!'s')y
1378 writeln(*National SAR School is highly-encouraged.');
1313 writeln;

1382 write(! (SR HHHHHHH ) § . .
1381 writeIn(® WARNING! #448RHHEFEHHHHHHHHHHHEH)Y ) -
1382 write(' (# THIS SOFTWARE MAY BE FRERLY-');

1383 writeln(*DISTRIBUTED PROVIDED NO FEE LI

1384 write(’ (2 1S CHARGED AND THIS')s
1 writeln(® COPYRIGHT NOTICE 1S RETRINED M)
1386 write(? (BRI EH M HHEHH Y ) .
1387 writeln (? HHHHHHHHH ) )
1388 writelns
1389 write('PLEASE HIT RETUMN (Once or twice, as necessary) TO CONTINUE'); . )

. 13% readln(continue) =
1391 '
132 end; {Warranty} -
1393 ° ..

{394 (HHH T H T H A H )
1395 begin {main program}

13%
- 1397 {initialize program variables}

T 1393 Rssignedflt := -1000,0; AvyWindFrom := 0,8; BrgGlideWinds := @.8; -—
C 1399 BrgMaxGlide := 9.8; BrgParaDrift := 0.0; ChuteRlt := 0.0; -

D-27 S




-

1400
1431
1492
1403
1484
1405
1486
1497
1408
1409
1418
1411
1412
1413
1414
1415
1416
1417
1418
1419
14620
1421
{422
1423
1424
1425
1426
1627
1428
1429
1438
1431
1§
1433
1634
1435
1436
437
1438
1429
1440
1441
1442
1443
1644
1445
1446
1447
1448
1449
1450
1451

chute := 'Q'; descent :='Q'; DescentHeading i= -1.9;

DescentTime := 8.8; DistanceParaDrift := 0.9;

EjectDistance := -1.8; GlideRltlost := 0,8; OGlideRatio := @;
SlideWindSpeed := €.8; IncidentRlt := -10€0.08; LastDateTime := 0.9;
LastLatituceXrown := 8.8; Lastlongitudeknown 3= 0.0; LathS :='0';
LongEW := '0'; N 3= @; MaxDistanceGlide := 0.@; MaxRadius6lide := 0.9y
MethodDrift := 'Q'; OnePassCompleted := false; ParaDriftSpeed := 0.0;
ResultMagnitude := @.@; TerrainHeight := -1202,0; TimeParaDescent := 0.0;
TotalBrg := 8,08; TotalDistance := 9,8; TotalRadius := @,9;

TrajectBrg := 0.9; TrajectDistance := 8.0; TrajectRadius := 8.0;
WindDisplacement = @.2;

Validfnswers 3= D'Y','y' ON','n']; No 3= ['N','n']; VYes := O'Y','y'];
for I := 1 to 20 do for J := 1 to 3 do WindsRloft(l,J] := 8.8;
for I :=1to 2 do for J :=1 to 3 do ReroWinds(I,J]1 := 0.9;

Warranty;
CLRSCR;
writeln(*This program calculates the initial surface position coordinates’);
writeln(* (1atitude/longitude) of a falling, gliding, or parachuting’);
writeln(’aerospace object or person, If these coordinates are all ready');
writeln{'known, or the search object did not fall at least 500 feet, then');
writeln{"enter N to the next question and proceed with other search’);
writeln('planning as outlired in the National Search and Rescue Manual.');
writelns
repeat {urtil valid response}
writel'Do you wish to continue with this program? (y/n) =) ');
readln{contirue);
writeln
until (continue in ValidAnswers);
if (continue in Yes) then
begin {program run}
CLRSCR;
ReroPosition;

repeat {until valid TerrainHeight response}
writeln('Please enter the surface level altitude or terrain height');
writeln(' (in feet) above or below mean sea level. Enter a zero if')y
writeln('altitude equals sea level, or, enter a negative altitude if');
writeln(*below sea level (e.g. Death Valley, California.).');
write (*SURFACE LEVEL/TERRAIN HEIGHT =) '}y
readIn(Terrainkeight);
writeln

until TerrainHeight ) -1000;

repeat {until valid response}
writeln("After receiving report of the search object’'s last known');
writeln(®coordinates (lat/long), did the object fall or glide to a');
writeln('Jower altitude before parachute(s) opened or ground contact');
write('was made? (y/n) =} )3
readin(descent);
writeln




1452
1453
1454
1455
1456
1457
1458
1459
1459
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470

end

until (descent in ValidAnswers);

if (descent in Yes) then GlideData;
if (descent in No) then ChuteData;

{Only write transaction record to disk if program procedures feroGlide}
{or InputWinds were actually used}

{If program used, then create record of inputs and results.)}

if (MethodDrift = 'P') or (MethoiDrift = '6') or (MethodDrift = 'B') then
WriteToDisk;

writeln;

writeln(’A record of significant input and output data used during this');

writeln('program run is stored in an external file named "RAERODATA".');

writeln('If you desire to keep this record perxanently, please rename');

writeln('file AERODATA before running this program again!’)

{progran run}
{main progras}
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fierospace Drift Deterwination Program (81 of 3)
Variable & Operator Cross-Reference Listing

- Varisble Progras Ling Nusber :

AddVectors 291 614 608 T3 le11 1839 S

PeroDat 1198 1201 1262 1206 1207 1208 1209 1210 1211 1211 ARy
1215 1216 1217 1218 1219 1219 1223 1285 1229 1239

- 1231 1232 1233 1234 1235 1236 1237 1238 1241 2R
- 1246 1247 1251 1252 1253 1254 1256 1257 1258 1259
1260 1261 1262 1263 1264 1265 1268 1269 1273 1274 -
1276 1277 1278 1279 1282 1283 1289 1290 1293 1294 ]
129 1297 1298 1299 1388 139! 1362 1383 1306 1307 -
1389 1318 1311 1312 1315 1316 1318 1319 1323 1324
1328 1329 1338 13%

feroBlide 352 1121 ;
feroPosition 23 1A -
B
ReroSpacellinds 78 .
Rerowinds 140 352 32 365 365 366 373 313 39 I
306 386 389 389 400 401 481 438 439 48
M8 M9 AS3 AS3 A5 AG2 AT1 AT2  AB1  ABE -
491 A1 499 499 500 509 509 Sl4 514 519 ﬂ
519 529 S3 530 580 607 618 615 1413 "

RssignedAlt 101 S84 598 997 1022 1075 1070 1078 1082 1084
1084 1110 1118 1120 1238 1397
RvgHindFrom 192 301 3@ 36 389 9 A3 34 NS 68t R
™ 1397 o
AvgHindTo 163 34 35 618 625 1012 1040
Brg6lideVinds 104 618 1004 1017 1257 1397 | 1
BrgMasETide 195 1012 1017 1027 184S 1263 13% 1
BreParalrift 16 65 629 671 686 637 1297 1398 '
BrgRads 107 573 607 610 611 671 672 613 &7 6 o

673 697 698 699 7R 781 782 1004 1005 1906
1008 1009 1010 1927 1828 1829 1834 1837 1838

chute 87 1137 1139 1141 1399
Chutefilt 108 438 439 459 462 471 1054 1120 1182 1184 -
1184 1299 1398

D-30




_'ﬂ,.-.-.-.,v.\_--_-—v_\--_-ﬁw.-..m. S S T

ChuteData 1129 1454

i cont inve 88 832 1341 1389 1426 1420 1429
.A count 149 152 153 15 1%
g descent 89 1399 1449 1451 1453 1454
i DescentHeading 109 663 664 664 667 66T 675 677 688 9T
, 989 980 983 983 1000 1008 1031 1834 1847 1239
. 1262 1399

DescentRate 110 988 989 9% 993 1249 1252

DescentTise 111 993 998 1254 1400

DistanceParalrift 112 648 672 673 687 598 699 1383 1400

EjectDistance 113 561 562 963 675 678 679 689 630 1031
1037 1038 1048 1049 1271 1274 1304 1307 1491

Ejection 544 GBB 1824

Fthm 954 974

6lideRltlost 114 584 598 619 974 993 162 1093 109 109
(® 1104 1110 1117 1118 1120 1227 1234 1291 1384 1401

BlideData 1062 1453

6lideDistance 115 974 1089 1018 le19 1238

6lideOrChute 33% 585 589

6lideRatio 9 98 99 972 974 1236 1481

61ideThenChute 419 39
BlideWindSpeed 116 628 998 1259 1402

H 421 515 527

. HighAltitude U7 357 365 368 I IR 36 A5 AN
480 481 A% 439 So1 51 S5M4 See 508

..............................................................................................
.......................................................................

................................................
--------------------
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. RN |
I 95 338 AT A7 348 W8 3368 S 365 WS
’ 366 368 368 3IM 32 IR I3 33 3N I

4| 36 379 319 388 385 386 386 389 3¢9 3N -4
. 392 398 400 401 401 A21 430 A38 A3l 431
- ATS 438 438 438 439 M8 M M8 M9 4S3
& AS3 453 ASA  AS9 461 AB2 469 4TI 4TI AT
- 488 AB1 481 485 491 491 434 496 4% 439
A9 499 S80 581 501 584 S84 S5 588 S8
| S09 509 513 514 St6 515 519 52 527 59
’ 538 530 572 580 588 580 604 697 61@ 611
TI9 722 T4 Tk TS TS 19 859 866 866
874 876 876 833 839 889 897 993 983 94
994 908 909 99 915 915 919 %8 %9 923
; 923 926 93 936 938 1195 1326 1328 1328 139

E 1329 1412 1412 1413 1413

IncidentAlt 117 33 352 370 376 385 419 488 486 494

: 581 S8t Se6 513 519 522 570 585 589 598
; 626 656 794 885 862 926 936 943 112 114
» 1S 1162 1176 1176 1179 11719 1182 1482

InputWinds 79 997 1184

h] 95 572 S80 580 S48 737 TI0 T 1412 1412
1413 1413

(® L 421 4% 527

LastDateTine 120 174 189 184 184 191 195 195 282 245
1222 1223 1225 1R

LastDegree 1196 1204 1205 1207 1207 1288 1213 1214 1215 {215
1216

LastlLatitudetnown 118 260 261 261 264 264 1204 1205 1403

LastlongitudeKnown 119 277 278 278 281 281 1213 1214 14@3

LastMinute 197 1285 1209 1209 1210 1214 1217 217 1218 o]
Lasthonth 97 21 zZB 28 23t 231 123 1225
' LastVear % 2% 1223 1285
Laths % 22 [ Z B 25 1211 MG o
lines 147 153 .~

- LongEW 9 269 M M M 2N 1219 144
-~ LowAltitude 1 U8 3B 372 WS AN A3 ME AT AT L
S S 588 513 .

.................................
......................
.....
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NaxDistanceblide 121 1013 1018 1028 1829 1846 1265 1484

| - MaxRadiusBlide 122 1019 1949 1050 1266 1269 1484
MethodDri ft 92 SO4 589 616 623 1053 1065 1143 1287 1485
1460 1460 1469
N 9% 355 388 399 392 398 461 469 A4 519
| 580 684 722 B0 B6T B67 136 1484

No 137 754 1411 1454

OnePassCompleted 84 593 658 694 718 1485

N P 797 891 %8 98 %9 9%
ParabriftSpeed 123 627 630 1299 1485
radians 80 28 607 671 G677 69T 700 1084 1088 1827
_ 1034
)
\ RateParaDescent 124 652 656 1301
ResultMagnitnde 125 319 620 627 682 705 1013 1041 1406
Teap 126 165 184 185 195 195 1078 1073 109 1098
" 17 1% 1180
g Teap! 339 U7 372 I3 422 A 62 AT 491 508
569
Tewp2 0 M8 385 386 423 A3l 481 AB6 491 513
“ S 7% 089 8%
~ TewpAlt STh 619 620 626 627
Tewphngle 293 298 381 W4 NS N6 308 309 310
) TeapDate 166 174 175 {75 205 265 )
: !
TempHour 167 185 185 185 205 206 g
. Tesphinutes 168 1% 197 197 206 2%
. B
g Terrainheight 127 584 862 1082 1084 1154 1182 1230 12R 129 1
: 1294 1406 1440 1442 O
- TimeParaDescent 128 65 1319 1406 e
' - TotalBrg 129 681 685 TOA 1318 1487 .
~ ."3
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TotalDistance 130 682 687 705 1312 1497
i - TotalRadius 131 699 786 1313 1316 1447
Tra)ectBrg 132 700 1040 1@AS 1277 1468

TrajectDistance 133 701 782 1041 1846 1279 1408

| TrajectRadius 134 706 1049 1050 1288 1263 1408
TypeVehicle 99 557 559 559 O61 562 563
ValidAnswers 139 752 781 1139 1411 1428 1451
. VerifyDT6 163 246
Verifylinds - 134 942
Warranty 1339 1415
) WindChart N1 M TH
NindCheck 736 M TSO TSR 54 TS 78t

WindDisplacement 135 998 1885 1006 1018 1261 1499

1® HindDrift %3 1054

NindErrcr 41 T 761 el 763 T67 768 769 TN

Winds 14

i WindsAloft 80 7% TS5 15 767
843 848 B8AB 852 853
876 883 889 @89 897
W W9 U5 95 919
93 1328 1329 1329 1412

e B8e2
856 874

S$888
g8
g
$

923 923

RE3Zx s & 3

writelns 147 771 784 882 833 94 146 1431

WriteToDisk 1193 1461

. Xcomponent 291 298 301 3@ W3 37 39 39 R B
683 610 618 614 672 678 678 682 £ 70t
T8l 783 956 960 125 1099 1809 1011 1828 1037

Ycomponent 291 298 301 M 303 W N9 U9 k2 76
. 603 611 611 614 673 679 679 680 699 ®
) 702 783 957 960 1886 1019 1010 1011 1829 1038
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Yes 138 1141 1411 1429 1453

Qperator Progras Line Nusber

arctan 2%

assign 1201

boolean 8

char % 139 736 134

close 13

cos 611 673 679 639 782 1M6 1010 1829 (les8

false | 593 658 1485

input 78

integer 99 147 149 338 421 ST M9 T 138
1195

output /]

read e

‘readln 189 191 21 245 252 268 269 N

o 236
557 648 652 663 TS TS9 79 &R 8RR 8RR
874 X8 919 979 988 1875 1093 1137 {iSe
1369 1426 1440 1449

real 82 135 168 291 293 33 0 343 419 423
426 578 S76 79 798 957 197
rewrite 1202
round 1205 1214
sin 610 672 678 698 701 185 1099 1028 1037
. sqrt 319
text 1198 . 4
true 694 710
trunc 174 184 185 195 196 839 1078 1095 1176 1204 ‘jZZl};
1213 1222
9
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wite 179

724
| 83t
%7
112
1210
: 1235
| 1264
130
1347
1367
1425

writeln 155
221

239

262

32

531

» 628
641

661

T8

817

828

® Bse
92

981

1087

- 1135
ol 1167
o 1225
. 1857
1290

1319

1358

. 13n
D 1420
1445

"

N}

190

725

978
1136
1211
1237
1268
130
1349
1369
1439

17
22
248
263
323
333
630
£43
665
708
818
829
885
938
982
088
1138
1168
1238
1239
1294
1323
1360
1378
1421
1446

201
401
749
841
987
1146
1211
1241
1213
1386
1351
1371
1448

178
223
23
o687
335
549
631
644
666
829
819
830
886
931
986
1089
1147
1169
1232
126!
1297
1324
1362
1380
1422
1447

. 117 Variables & Operators Used

-------------
.......

.......
.............

851
1068
1148
1213
1246
1276
1309
1353
1373

188
24
242
270

645
726
810

837
833

1096
1149
1178
1234
1263
1299
1339
1364
1382
1423
1458

235

765

8713
107
1151
1e1e
1251
1278
1311
1335
1375

189
225
243
2%
397
351
633
646
147
811
821
838
894
%4
991
1091
1150
1nn
1236
12635
1301
1346
1366
1384
1427
1462

244

767

a8
1072
157
1217
1253
ioBe
1315
1357
1379

19
9
247
an
482
352
634
647
748
812
822
845
899
%5
1069
1101
1158
1172
1238
1269
1303
1348
1368
1386
1435
1463

&t

768

8%
1074
1206
1218
1256
1289
1318
1359
1381

o
23
250
2n
404
533
635
648

S
813
823
846
9%
%6
1o
1107
1159
1Hn
e
1274
1387
1350
1378
138
1436
1464

1388 Occurrences

.......

259

769

97
103
1207
1229
1258
1293
1328
1361
1383

217
233

280
324

649

814
824

912

970
10713
1113
1164
1219
1247
1en
1310
133
1372
1417
1437
1465

......
......

Wy

268
€51
8
10
1M
12e8
1231
1260
12%6
1329
1363
1385

219

815

913

m
1082
1116
1163
1219
1252
1279
1312
1354
1374
1418
1438
1466

2%

918
1106
1289
1233
1262
1298
1345
1365
1388

(14

321

358

653
766
816
827
8r
91
7
1081
1134
1166
1223
1254
1283
1316
13%
1376
1419
1441
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v € vroey
r
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o210
gali
o212
2013
2014
815
%16
2017
g8
8019

8021

9024

0026

@228

2041

2043
0844
€343
2246
0047
2348
€349
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SERARCH PLANNING SOFTWARE (PROSRAM #2 OF 3)
TITLE: SURFDRIF.COM (Surface Drift Rlgorithm)
VERSION: 1.1 for CP/M Operating System

DATE WRITTEN: September 1984

DESCRIPTION:

~ User asked for last known position (coordinates) ard
date-time-group of search object

- User asked for desired Datum position (coordinates)
and date-time-group of search object

- User must verify search object affected by oceanic
drift forces (object more than 20 miles off-shore and
in water deeper than 183 feet)

- User asked to input reported surface winds in the
search objert’s vicinity for at least the last 48
hours

- User must then input the wind latitude coefficient
directions and magnitudes for the object’s latitude as
found in the National Search and Rescue (SRR) Manual

- Wind latitude coefficient vectors are printed back to
the user for verification/correction

- User asked which of the three types of drift
uncertainty found in the Nationzl SAR Manual applies,
then the appropriate information is requested

- User is asked for the sea current vector and published
reference source it was found in

- User is asked for the total observed water current, if
applicable

- User is asked for the tidal current, if applicable

~ Program calculates applicable, resultant drift vector
direction(s) and magnitude(s) and creates an “audit
trail®/record file of program input, significant
calculations, and output, named "SEADATA"

LICENSE: COPYRIGHT 1984 D. RICK DOUBLAS

The author makes no express or implied warranty of any
kind with regard to this program material, including, but
not livited to, the implied warranty of fitness for a
particular purpose. The author shall not be liable for
incidental or consequential damages in conmection with or
arising out of furnishing, use, or performance of this
program. The reader MUST HAVE a solid understanding of
search and rescue wethodology before using this software
in making decisions where human life is at risk. In fact,
since no amount of testing can uncover 189% of program
errors, this progras is recormended for training use only.
Prior attendance at the United States Coast Guard's
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8068
89
0278
e
272
@73
074
ea7s
076
esn7
8078
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National SAR School is highly-encouraged. )
#)

THIS SOFTWARE MAY BE FREELY-DISTRIBUTED %)
PROVIDED NO FEE IS CHARGED AND %)

THIS COPYRIBHT NOTICE IS RETAINED. )

#)

LANGUAGE: PRSCAL 1)
USED  : Borland International, TURBD.PAS, Version 2.8 &)
#)

YODULES CALLED (Sequentially listed)y (OPT) = *Optional®: #)
#)

SurfacePosition #)
VerifyDTG (Last Krown Position) )
VerifyDT6 (Datum Position) #)
WindPeriods #
PericdTimes #)
DaysInMonth (OPT) )
DaysInMonth (0PT) %)
DaysInMonth (ORT) 1)
InputSeaWinds %)
WindLatCoeffs )
VerifyWinds %)
WindChart #)
WindChart (OPT) #)
WindCurrent 1)
AddVectors %)
AddVectors (0PT) )]
fAvgSurfaceWind 1)
AddVectors )]
LeewayDrift )
DriftDirUncertain (OPT) )
SeaCurrent )
Datum #)
WriteToDisk ]
RecordCurrents 1
+)

(HHHHHH T HFH R HHH R R B)

program SurfaceDrift (input,output);

B B
e e

const max = 43

{Maximum number of wind current periods allowed}

radians = 57.2957795; {Standard radian conversion factor}

var continue,
LatNs,
LongEW

DatumMonth,
DatumYear,
Days,

{Deternines if this program should be used}
{Irdicates whether latitude is North or South}
{Indicates whether longitude is East or West}

{Month objert will be at desired Datum position)
{Year object will be at cesired Datum position)
{Number of days in specified month)

D-38
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.-
15
L
I

0184
015
e1e6
17
o108
8109
ot18
o1t
o1
8113
0114
8115
2116
o117
0118
o119
8120
o121
ez
e123
0124
o125
8126
o127
8128
0129
0132
0131
xR
0133
8134
9135
8136
137
8138
8139
8140
0141
8142
0143
8144
0145
6146
0147
0148
0149
8130
8151
152
0153
054
L]

DegreesLat,
1id, K

N,
HoursElapsed,
LastDay,
LastHour,
LastMonth,
LastYear,
LeewayMethod,
MaxDivergence,
MaxHoursDrift,
MinHoursDrift,

SourceSeaCurr :integer;

AvgWindFrom,
fivgWindTo,
DatusDateTime,
DirSeaCurrent,
DirSurfiind,
DirTidalCurrent,
DirTotalCurrent,
DmaxDir,

DminDir,
DmaxDistance,
DminDistarce,
LastDateTime,
Lastlatitudeknown,
LastLongitudeknown,
LeewayBrg,
MaxDirWindCurrent,
HinDirWindCurrent,
MaxLeeBrg,
KinLeeBrg,
MaxLeeDistance,
MinLeeDistance,
MaxLeeSpeed,
MirleeSpeed,
MaxSeaCurrDist,
MinSeaCurrDist,
MaxTideDistance,
MinTideDistance,
MaxTotCurrDict,
WinTotCurrDist,
MaxWindCurrDist,
MirWindCurrDist,
ResultMagnitude,
SeaCurrSpeed,
SurfiindMagnitude,
SurflindSpeed,

{Lat known position latitude in degrees}

{Used as counters}

{Tracks number of 48-hr wind current periods used)}
{Datum minus last known position time in hours}
{Day object at last known position}

{Hour object at last known position}

{Month object at last known position}

{Year object at last known position}

{Indicates type of leeway drift uncertainty chosen}
{Maximum divergence from downwind in degrees}
{Maximum number of hours search object drifted}
{Minimum number of hours search object drifted}
{Source used to determine sea current vector}

{Average surface wind direction from (in degrees)}
{RvgWindFrom plus-or-minus 188}

{Day/Tiee object will be at desired Datum position}
{Sea current vector direction}

{fiverage surface wind direction}

{User input Tidal Current direction}

{Total water current vector direction}

{Maximux combined surface drift direction}
{Minimum combined surface drift direction}
{Maximum combined surface drift distance}
{Minisum coabined surface drift distance}

{Time object was at last known position}

{Last known latitude of aerospace object)

{Last known longitude of aerospace object}
{Rverage surface wind bearing}

{Total ocean surface current bearing due to wind}
{Total ocean surface current bearing due to wind}
{RAverage surface wind bearing minus MaxDivergence}
{Average surface wind bearing plus MaxDivergence)
{Maximun leeway drift distance of search ohject)
{Miniwum leeway drift distance of search object}
{Maximum leeway drift rate of search object}?
{Mininua leeway drift rate of search object}
{Maximum sea current drift distance}

{Minimum sea current drift distance)}

{User input Tidal Current smaxieum distance}

{User input Tidal Current minisum distance)
{Total water current vector maximum distance}
{Total water current vector minimum distance)}
{Total ocean surface current distance due to wind}
{Total orean surface current distance due to wind)
{Resultant distance computed from vector addition}
{Sea current vector velocity)

{Average surface wind speed times affected hours}
{fverage surface wind in nautical miles per hour}

TotCurrSpeed  : real; {Total water current vector velocity}

No,

{*N,n' = Legal "No® characters}
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015% Yes, {"Y,y' = Legal "Yes" characters}

157 Validfinswers : set of chary ('Y,y,N,n' = Legal “Yes® and "No® characters}

o158 =
8159 SeaDat : text; {(External record file of program input/output data}

0160

o161 {Indicates the { to 6 hours of wind effect in each 48-hour period of }

162 {ocean surface current. }

8163 -
8164 HoursWindEffect : arrayll..max] of integer; -
9165

0166

8167 {Indicates the velocity contributions of each 6-hour wind block times }

0163 {the number of hours of wind effect in that block to calculate average }

8169 {surface wind. }

0170

an VelocityComponent : array(l..max] of real;

o172

0173

0174 {Irdicates the wind current latitude coefficient vector directions }

o175 {(position 1) and magnitudes (position 2) from the National SAR Manual.}

0176 -
an WindCoeffs s arrayll..8,1..3] of real; .
8178

0179

0182 {Wind vectors affecting ocean surface current over time: First position}

o181 {indicates the number of 48-hour periods; Second position indicates }

(® 8182 {whera the reported, 6~hour wind vector fits amongst the 8 tiwes given } =
8183 {in each 48-hour period; and, Third position indicates the days (1), } .
0184 {hours (2), directions (3}, and velocities (4) of each &-hour wird } )
2185 {vector, as well as the sum of these vectors and the Nind Current } "
8186 {Latitude Coefficient vectors directions (5) and magnitudes (6). } )
0187
0168 WindsOverTime  : arrayli..max,1..8,1..6) of real; ;
0189
1% {The total contribution (sus) of WindsOverTime and WindCoeffs vector }

8191 {directions and velocities for the eight intervals per period. }
8192

8193 PeriodVectors ¢ array(l..max,1..3] of real;

1%

8195 (S EEFEHSHHHIEEEHIEHH I H M T R A E F R ER R ¢ )
09196 {Writes out a specified number of blank lines; can be used to clear screen. }

uy
. 9198 procedure writelns (lines : integer);
LG ]
8280 var count : integer; ~
o291
202 begin

03 count := 9;
8204 while lines ) count do

2205 begin
- 8206 writeln; .
S 8207 count := count + 1 -
D-40 5




-

228 end
209 end;
8210 -
0211 (EEEEEEAHHHHEHHE I H )
%12 {Verifies legitimate date/tise/group data input.}

8213

9214 procedure VerifyDTE (var DateTime : real);

®15

8216 var Temp, {Used as a temporary computation variable}

0217 TempDate, {Used as temporary date variable}

18 TempHour, {Used as temporary hour variable}

2219 TeapMinutes : real; {lUsed as temporary minutes variable}

8221 begin {VerifyD1G}
9222 repeat {until correct date/time format input)

8224 {Verify the day is between 1 and 31}
9225 TempDate := trunc( DateTime/10000 );
8226 if (TempDate ( 1) or (TempDate ) 31) then
0227 begin {TespDate not between | and 31} ,
2228 writeling -
29 sriteln("You have incorrectly entered the date, Try again!'); [ ..
8230 write('Re-enter 1 DTG=) *); e
@231 readln(DateTive)

x4 end; (TempDate not between 1 and 31}
8213 e
8234 {Verify the how is between €800 and 2492} -
8235 Temp := (DateTime/10000 - (trunc(DateTine/10000)) ) # 100; R
%6 TempHour := trunc(Tenp); i
ee37 if (TewpHour ( @) or (TempHour ) 23) then -
8238 begin {TeapHour mot between @ and 23} o
0239 writeln; :
840 writeln{®You have incorrectly entered the hour. Try again!'); o
841 write{’Re-enter Z D1G=) '); ,
8242 readln{DateTine) - -
8243 end; {TeapHour not between @ and 23} o
8244

6245 {Verify there are no minutes, e.g. minutes = 8}

846 Temp := (DateTime/188 - (trunc{DateTime/180)) )} # 109;
8247 TenpMinutes 3= trunc(Tewpl; f
%248 if TeapMinutes () @ then =
8249 begin {TempMinutes not @8} .
2R writeln;

9251 writeIln(*Please enter the date/time to the nearest hour. Try again!')y
8252 write(’Re-enter 2 DT6=) ') .
0253 readin(DateTine) '
8254 end  (TempMinutes not @)

625%6 until (TeapDate )= 1) and (TempDate (= 31) and (TempHour }= @) and
8257 {TempHowr (= 23) and (TempMinutes = @)

6258

9259 end; (VerifyDTG)




0261  (HEAHHHIHHHH R H ) Lo
@62 {Asks user for the last known and the desired Datum tiwes and positions of a } -

#2263 (search object on the ocean's surface. }

8265 procedure SurfacePosition;
m K .
0267 var Tesp : real; {Used as a temporary computation variable}

oo -
@69 begin {SurfacePosition}

®n

een writeln;

e repeat {until valid response}

13 writeln('Please enter the number for the month the search object was'}; B
0274 writeln('at the last known position:'}; - -
275 writeln;

0% weiteln(’ 1 = Jan 4 = fpr 7=Jul 18 = Oct’);

877 writeln(* 2 = Feb 5 = May 8 = Rug 11 = Nov');

8218 weitein(' 3 = Mar 6 = Jun 9 = Sep 12 = Dec');

6279 writeln; :
8280 write ("LAST KNOWN POSITION MONTH=) '); - -
ec8! readln(LastMonth); .
0282 if (Last¥onth { 1) or (LastMonth ) 12) then

0283 writeln(' Incorrect nusber entered. Please try again!');

0284 writeln

0285 until (LastMonth )= 1) and (LastMonth (= 12); S
0286 -—
0287 writeln{'Please enter the year the search object was at the last known'); T

@288 writeln('position (e.g., 1985, 1986, etc.)');
8289 write (*LAST KNDWN POSITION YEAR=) *);

@290 readln{LastYear);

8291 writeln;
m . —enn
293 CLRSCR; T
829 writeln('Please enter the day-hour-minute (YO THE NERAREST HOUR) the'l; S
&9 writeln('search object was at the last known position. Enter it in');

2% writeln('2 DT6 (Zulu Date-Time-Group) format. For example: 9:37 PM,');

097 writeln{'August 4, should appear as Q42200 Greerwich-Mean Time (7=0).');

8298 writelns(2);

899 writeln('If the number of hours of search object drift is uncertain,');

308 writeln('you sust run this program twice (as mentioned earlier). On');

0381 writeln(*the first run enter here the time the SHORTER drift period');

0362 writeln(*started (LATER than the last known position tize). On the');

0383 writeln('second run, or if two runs are not applicable, enter here the');

0304 writeln{'the LKP time as requested above:');

235 write(YLAST KNOWN POSITION TIME (I DTB)=) '); L
0366 readln({LastDateTize) S
X VerifyDTEB(LastDateTine); s

329 Temp := LastDateTime/10000;
0319 LastDay 3= trunc(Tesp)
311 LastHour := (round ((LastDay - Temp) # -108) ) # 120; {nearest hundred}
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CLRSCR;
repeat {until valid latitude}
writeln('Was search object’'s last known latitude north or south?')s
write(’ (Enter N or §) Answers) ')
readln(LatNS);
writeln
until (LatNS = 'N') or (LatNS = 'n') or (LatNS = '§') or (LatNS = 's');
if (LatNS = 'N') or (LatNS = 'n') then LatNS := 'N' else LatNS := '5';

repeat {until valid latitude}
writeln('Please enter the search object''s last known latitude ');
writeln(' (For exasple: 25-Degrees 45-Minutes 13-Seconds = 23.4513)');
write("LATITUDE =) *);
readIn{LastLatitudeKnown) ;
if {LastLatitudeknown ( @) or (LastLatitudeKnowm ) 90) then
writeln{'Input latitude wust be between 8-90, Try again!');
writeln
until (LasttatitudeKmown )= @) and (LastLatitudeknown (= 998);
DegreesLat := truncilLastLatitudeknown);

repeat {until valid longitude)
writeln('Was search object’’s last known longitude east or west?);
write(* (Enter £ or W) finswer=) ')
readln(LongEW) ;
writeln
until (LongEW = "E') or (LongEM = 'e') or (LongEN = 'W') or (LongEW = 'w');
if (LongEW = 'E') or (LongEM = 'e') then LongEW := 'E’ else LongEM := 'W'§

repeat (entil valid longitude)
writeln{*Please enter the search object''s last known longitude ');
writeln(’ (For exampla: 168-Degrees 45-Minutes 13-Seconds = 160.4513)%);
write("LONSITUDE =) '),
readln(Lastlongitudeknown) ;
if {LastLongitudelnown ( @) or (LastLongitudelnown )} 180) then

writeln(’Input longitude must be between 8-188, Try again'');

writeln

until (LastLongitudeknown )= 9) and {LastLongitudeknown (= 183);

CLRSCR;

writeln(*Now you will be asked to enter the year, month, and date/time for');
writeln(*the desired Datum position, which MIST be later than the time you');
writeln(® just entered for the last known position'');

writeln;

repeat {until valid response)
writeln('Please enter the desired Datum month:’);

writeln;
writeln(' 1 = Jan A = fipr 7= Jul 10 = Oct' )
writeln(' 2 = Feb S = Ny 8 = fug 11 = Nov' )§
writeln(' 3 = Mar 6= Jun 9 = Sep 12 = Dec'}y
writeln;

————
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2365
9366
367

9369
an
e371
az7e
8373
374

8376
377
@378
8379

fat0
411
f412
0413
8A14
0415

write(*DATUM NONTH=) ')
readln{DatusMonth) ;
if (DatumMonth ( 1) or (DatumMonth } 12) then
writeln(! Incorrect nuzber entered. Please try againi');
writeln

until (DatumMonth )= 1) and (DatumMonth (= 12);

writeln(’Please enter the desired Datus year (e.g., 1985, 1986, etc.)');
write(YDATUM YEAR=) ')

readln(DatunYear);

writeln;

writeln;

write('Please enter the desired Datum day-hour-minute ')

writeln(' (TO THE NEAREST HOUR).');

writeln('Enter it in I D76 (Iulu Date-Time—Group) format. For example:');
write(*9:37 PM, August 4, should appear as 842200 ');
writeln('Greerwich-Mean Time (1=0).');

write("DATIM TIME (Z DT6)=) )}

readIn(DatuaDateTime)

VerifyDT6(DatunDateTine);

writeln;

Temp := DatumDateTime/10089
end;  {(SurfacePosition}

{HHHHHHHH HHHHHHH HHHH )
{Given the last known surface position time, and the hours elapsed from then )
{until the desired Datum time, this procedure determines the number of }
{48-hour wind-current-effect periods, and the number of hours (1 to 6) in )
{each period, required to calculate the average ocean surface current caused }
{by the wind. }

procedure WindPeriods;
var HoursRemaining : integer; {Elapsed hours minus $hose used in calculations}
begin {WindPeriods}

{Find number of hours in first 48-hour period}
if (LastHour )= 8082) and (LastHour ( Q32@) then
HoursWindEffect (1] := 3 - round{LastHour/100);
if (LastHour )= 8300) and (LastHour ( 290@) then
HoursWindEffect[1) := 9 - round(LastHour/12d);
if (LastHour )= 6999) and (LastHour ( 1580) then
HoursWindEffect (11 := 135 - round(LastHour/109);
if (LastHour )= 1508) and (LastHour ( 2108) then
HoursWindEffect{{] := 21 - round(LastHour/189);
if LastHour )= 210@ then
HoursiindEffect (1] := (24 - round(LastHour/188) ) + 3;
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3 8416 N := 15 ({initialize nunber of 48-hour periods)
- . 0417 HoursRemaining := HoursElapsed - HoursWindEffect{il;
b ' 8418 if HoursRemaining )} @ then

0419 begin {More 48-hour periods are required}

5 0428
2421 repeat {until HoursRemaining = 0}
a2 N:=N+{;
N 8423 if HoursRemaining )= 6 then
_ 2424 begin {More than six hours remain between current and Datum hour}
8425 HoursWindEffect [N] := b}
0426 HoursResaining := HoursRemaining ~ 6
. 8427 end {More than six hours remain between current and Datum hour}
i 0428 else

8429 begin {One to five hours remain between current and Datum hour}
0438 HoursWindEffectIN] := HoursResaining;

0431 HoursRemaining :=

X end - {One to five hours remain between current and Datum hour}
8433 until HoursRemaining = @

0434 end {More 48-hour periods are required}

2435 end; (WindPeriods)

8436

84537 (HESHHHEHE BB HGHHH P HEH )
@438 {biven the month, determines the number of days in that month, includinga 1}
8439 {check to see if that month is a leap-year-February with 29 days. }
0440

8441  procedure DaysInMonth (TexpMonth : integer);

9443 var LeapYearCheck, {If zero, specified year is a leap year}
(7 1) TempYearDiv 3 real; {Result of specified year divided by 4)
8445

0446 begin {DaysIrMonth)

0447 if TempMonth = 2 {February} then

1] begin {Leap year check}

0449 TempYearDiv := LastYear/é;
U5 LeapYearCheck := TempYearDiv - trunc(TempYearDiv};
0451 if LeapYearCheck = @ then TempMonth := 13 {lLeap year February}
%5 end; {Leap year check}
9453
0454 case TespMonth of
055 1 & Days := 31;
8456 2 : Days 1= 28;
0AS7 3 : Days := 31 .
958 4 3 Days := 39;
459 S : Days 3= 3l .
0460 6 1 Days := 39; -
b1 7 1 Days 1= 313
0462 8 : Days := 313 ]
8463 9 1 Days 1= 39 RN
8464 18 ¢ Days := 313 RS
0465 11 : Days 1= 38 R
8466 12 s Days 3= 31 - 4
0467 13 1 Days := 29 {(- Leap year February} T
"'~_*
.‘1
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0468 erd {case of number of days in specified month}

. 9469

f 970 end; {DaysinMonth)
971
BA72 (SRR HH A )
8473 (Determines the day and hour for which wind directions and velocities are }
T4 {required in the eight intervals of each period to calculate each period's )

: 8475 {ocean surface wind current comporent vector. }
| 0

477 procedure PeriodTives;

8478

#9 var L], {Used as counters)

8480 MonthBefore : integer; {The month before the last known position month}
r 8481
A 0482 begin {PeriodTimes}

0483

8484 {Find day and time for period #1, interval #1}

0485 WindsOverTimel1,1,11 := LastDay; {initialize at last known position day}
8486 if LastHour = 8020 {midnight} then WirdsOverTiwell,1,2] := 3309;

2487 if (LastHour )= 0189) and (Lasthour (= 060@) then

» 8488 WindsOverTise(1,1,2) := 0600;
0489 if (LastHour }= 9780) ard {(LastHour (= 1208) then
9490 WindsOverTise(,1,2) := 1208;
@491 if (LastHour )= 1302) and (LastHour (= 1830) then
4952 WindsDverTime(1,1,2] := 1800;
o= 9433
| (® 9% if (LastHour )= 1988) and (LastHour { 2488) then

N5 {Find rext day and start with tise = 2000}
849% begin {LastHour = 7-11 P.N.}

0497 DaysInMonth(LastMonth) ;
9438 if LastDay ( Days then
o [ %) begin {Last known position-day is NOT the last day of the month}
_ 2500 WindsDverTine[1,1,1] := LastDay + 13
: 58t WindsOverTive(1,1,2] := 0080
582 end  {Last known position-day is NOT the last day of the month}
2583 else
584 begin {Last known position-day is the last day of the month)
2585 WindsOverTime(1,1,1] 3= 1;
g 5% WindsOverTise(1,1,2] := 0200
007 end  {Last known position—day is the last day of the month)
#5e8 erd; {LastHour = 7-11 P. M.} .
m ;. "_1
. 610 forJi=2toBdo N
.» ©11 begin {Find days/times of remaining 7, 6-hr intervals in the 48-hr-period} [' 1
. 12 ..
: 13 if WindsOverTime[1,J-1,2] } 33 {not equal to midnight} then e
8514 begin {this period’s previous time = 6 A.M. or P.M. or 12 P.M.} !j-.:_'{:i
8515 SRR
6516 {Next interval's date equals the same as the previous interval's date} l'.':j:':jj
> 17 WindsQverTiwe(1,J,1] 1= WindsOverTime(1,J-1,11; Ly
| - 518
19 {Next interval’s hour equals last interval's hour minus six hours) . j
N D-46 S
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o050 WindsOverTimel1,J,2) := WirdsOverTimelt,J-1,21 - 0600
8521
@522 end {(this period’s previous time = 6 A.M. or P.M, or 12 P.M.}
523 else x
8524 begin {this period’s previous time = midnight} g
2525 if WindsOverTime(1,J-1,1) ) 1 then {(Day of month is 2nd through last} i
5% begin {(Set period’s interval tiee to 1820 of previous day} i
8527 WindsOverTime(1,J,1] := WindsOverTimel1,J-1,1] - 1; P
0528 WindsOverTipe(1,J,2] := 1800 {
2529 end {Set period's interval time to 1800 of previous day) !
853 else {First day of month)
8531 begin {Determine previous wonth's last day and set at & P.M.} ;
es3 if LastMonth ) 1 then MonthBefore := LastMonth - { *
0533 else MonthBefore := 12; o
0534 DaysIronth{MonthBefore);
0535 WindsDverTime[1,J,11 1= Days; :
8536 WindsDverTirel{,J,2) := 1822 ;
8537 end {Deterwine previous wonth's last day and set at 6 P.M.}
8538 erd  {this period’s previous tise = midnight}
9539 end; {Find days/times of remaining 7, &6-hr intervals in the A8-hr-period}
8548
58 if N) 1 then
542 begin {More than one period} .
8543 I :=1; d{initialize} LR
P A
2545 repeat {until I = N}
0546 Ti=1+1;
8547
0548 {Find days and tipes of intervals in each period} S
2549 WindsOverTivell,1,1] := WindsOverTime{I-1,1,1); {initialize} o
0550 if WindsOverTimel{I-1,1,2] = 9028 then WindsOverTime(I,1,2] := 3680;
0551 if WindsOverTize(I~1,1,2] = 0600 then WindsOverTime(l,1,2] := 1200;
6552 if WindsOverTime(I-1,1,2] = 128@ then NindsOverTime(l,1,2] := 1802;
8553 if WindsOverTime(I-1,1,21 = 1808 then
9554 begin (Fird next day and start with 2000}
@553 DaysInMonth (Last¥onth)y
8557 {if not last day of month, add a day} I .
2558 if WindsOverTime(I-1,1,11 ( Days then i
€559 WindsOverTine(l, 1,1} := WindsOverTimelI-1,1,1] + | ]
550 L
8561 {if last day of month, set to first day (of next month)} . D
. 9562 else WindsOverTize(l,1,1] = 15 B R
0563 .
9564 WirdsOverTivell,1,2] := Q200 4
2365 end; {(Find next day and start with €200} !
m <
67 for J1=2t0 8 do 1
568 begin {fill in days and times of each period's other seven intervals}
2569 WindsOverTimell,J, 1) := WindsOverTimell-1,J-1,1); T
%7 WindsOverTime(I,J,2) := WindsCverTize{I-1,J-1,2] -
%571 end  {fill in days and times of each period's other seven intervals} ]
Ll
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until I =N
end  {More than ore period}
enrd; {PeriodTives}

{HEH R A H A )
{Queries user for ocean surface wind directions and velocities. }

procedure InputSealinds;
var J ¢ integer; {Used as a counter}

begin {InputSeaWinds}
CLRSCR;

for J := 8 downto 1 do
begin {Enter individual ocean surface wind vectors}
write(’Please enter the ocean surface wind direction and ');
if WindsOverTime(1,J,1] ( 10 then
write(*velocity at @',WindsOverTime(f,J,13:1:8)
else write{'velocity at ', MWindsOverTimel1,J,1]:2:8);
if WirdsOverTise[1,J,2]1 = @2@ then
writeln('02d', NindsOverTimell,J,2]:1:0,'1:%)
else if WindsOverTimel(l,J,21 = 0600 then
weiteln('®’,WindsOverTinell,J,21:3:0,7:%)
else writeln(WindsOverTime(1,J,2]:4:0,'7:");

repeat {until degrees = @ to 360)
write("WIND DIRECTION = '}
readln{WindsDverTime(1,J, 3])
until (WindsOverTime(l,J,31 )= @) and (WindsOverTimell,J,3]1 (= 368);

repeat {until velocity = @ to 99}
write "WIND VELOCITY = 7);
readln{WindsOverTime{1, J,41);
writeln
until (WindsOverTime[1,J,4] )= @) and (WindsOverTiwell,J,41 (= 99)
end; {Enter individual ocean surface wind vectors}

if N ) | then {Checks for wore than one 48-hour wind period}
begin {wore than one periocd}
Ie=1
{Input wind vectors from last interval in each period}
repeat {until I = N}
Ti=14+1;
write('Please enter the ocean surface wind direction and ');
write('velocity at ',WindsOverTimell,1,1]1:2:0};
if WindsOverTine(I,1,2] = 8320 then
writeln('0@0", WindsDverTimel],1,2]:1:0,'1:")
else if WindsOverTimel(l,1,2] = 2680 then
writeln('9',NindsOverTinell,1,21:3:9,'1:")
else writeln(WindsOverTine(l,1,2]:4:8,7:%};
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0624 repeat {until degrees = & to 368}
2625 write *WIND DIRECTION = *);
i %26 readin (WindsOverTime(l, 1,3])
627 until (WindsOverTime(I,1,3]1 }= @) and
%628 (WindsOverTimell,1,3] (= 368};
9629
. %630 repeat {until velocity = @ to 99}
2631 write("WIND VELOCITY = *);
] 8632 readln(WindsOverTime(],1,4));
0633 writeln
8634 until (NindsOverTimel[I,1,4] )= @) and
9635 (NindsOverTise(lI, 1,41 (= 99);
2636
N 0637 for J :=2 to 8 do
of 0638 begin {fill in wind vectors of each period's last 7 intervals}
0639 WindsOverTime{I,J,31 := WindsOverTimel[I-§,J-1,3];
0640 - WindsOverTime(l,J,4] := WindsOverTime(I-1,J-1,4]
0641 end {fill in wind vectors of each period’s last 7 intervals}
8642 until 1 =N
0643 end  {more than one period)
] 0644  end; {InputSeaWinds}
9645
0646  (EEEEEAEHEEEEEHE SR A H I HHE)
0647 {Prints keyboard-input wind coefficient directions and velocities on the}
8648 {video screen for uger verification,}
0649
a @ 0650 procedure WindChart;
9651
. 0632 wvér I : integer; {Used as a counter}
‘A:' %53
e 2634 begin {WindChart}
- 96 write(*Wind Current Latitude Coefficients for !,Degreeslat:2,'-degrees ')}
i 8656 if LatNS = 'N' then writeln{*North are:') else writeln('South are:');
0657 writeln;
0658
2659 for 1 :=1to 8 do
0660 begin {for I = 1 to nunber of individual wind vectors}
0661 write(* v, 1:1,0, Period ¥,1:1,' ', NindCoeffsll,1J:3:0);
4 %662 weiteln(* / ', WindCoeffs(l,2:4:3)
0663 enrd; {for I =1 to number of individual wind vectors}
0664
8665 writeln ,
. 9666 end; {WindChart}
0667
’ 0668 (FEEFEEHHHHHHHH T HH )
. 669 {Rllows user to change ocean surface wind directions and velocities entered )
K 9670 {in procedure InputSeaWinds.} X
t 671 )
- 2672 procedure VerifyWindsg oy
) 8673 )
. il 0674 var WindCheck : charj {Used to verify input wind data} 4
o 8675 J t integer; {Used as a counter} Bt
» 1
’ N
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N
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2676
0677
€578
%79
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0631

o701
o702
#763
0704
e
0706
0787
0763
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o713
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Q715
8716

o717
18
719
LY )
8721
0722
0723
8724
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9726
727

e e e e e o o e o o Ry

WindError : integer; {Used to indicate which input wind data is in error}

begin {VerifyWinds}
WindCheck = 'Y'; MWindError 3= -1; {initialize}

{Verify input wind directions and velocities,}
WindChart; {Prints current wind data on video screen}

repeat {until WindCheck = valid response}
writeln;
writeln{'Are these altitudes, wind directions, and wind');
write{'velocities all correct? (y/n) ')}
readin(WindCheck) ;
writeln

until (WindCheck in Validfnswers)

while (WindCheck in No) do
begin {while WincCheck = NO}
repeat {until WindError = @ to 20}
writeln(Which line is in error?');
write(*Enter number, or zero for none) =) ');
readin{WindError);
writeln
until (WindError )= 8,8) and {(NindError ( 21.0);

if WindError } 0.0 then

begin {if an input lire is icdentified as being in error}
write('Please enter altitude, wind direction ');
writeln{’and velocity to replace:!);
write(WindCoeffs[NindError,11:4:8,0 ');
write (WindCoeffsiWindError, 2114:8);
write(! ', NindCoeffsIWindErvor, 31:4:0,! =) 1);
for J := 1 to 2 do read(WindCoeffs[WindError,J1);
CLRSCR

end; {if an input line is identified as being in error}

WirdChart; {Prints current wind data on video screen)

writeln;

repeat {until valid WindCheck response)
write(fre all other lines correct? (y/n) ')
readln(WindCheck) ;
writeln

until (WindCheck in ValidAnswers)

end; {while WindCheck = NO}
CLRSCR
end; {VerifyWinds)

(I H S HH R H M )
{When given X and Ycomponents this procedure calculates resultant vector }
{bearing (AvgWindFrom) and magnitude (ResultMagnitude). }

D-50

.................
..............
......

o - A ST I P
o da Cada Lo o o o s o

T .
o .

B A
o

' ae et

ta e tad el v

"




»
@728
9729 procedure AddVectors (var Xcomponent, Ycomponent : reai);
rl B 730
: @731 var TempAngle : real; {Temporary calculation variable}
: 73R
9733 begin {AddVectors}
0734
L& {Fird resultant angle (in degrees) uncorrected for compass position.}
. 0736 Temphngle := arctan(Xcomponent/Ycomponent) # radians;
. 0737
0738 {Find bearing resulting from TempAngle corrected for compass position,}
9739 if {Xcomporent ) 8) and (Ycomponent )} @) then AvoWindFrom := Tempfngle;
8740 if {{(Xcomponent ) @) and (Ycomporent ( @}) or
v 0741 ((Xcomporent ( @) and (Ycomponent ( @)) then
{; 8742 if (Tempfngle + 183) ) 368 then
] 9743 AvgWindFrom := Tempfngle - 183
8744 else fivgWindFrom := TempAngle + 188
0745 if (Xcomporent ( @) and (Ycomponent ) @) then
: 8746 if (Teaphngle + 368) )} 368 then
> 0747 AvoWindFrom := TewpAngle - 360
2748 else AvgWindFrom := TempAngle + 360;
8743
750 {Convert AvoWindFrom to AvgWindTo bearing.}
0751 if (RvgWindFrom + 188) ) 36@ then
872 RvgiindTo := fvgWindFroa - 183
0753 else AvgWindTo := AvgWindFrom + 188; :
0754 o

LIES] {Resultant bearing magnitude is the square root of the sua of}

0756 { the squared components.}

757 ResultMagnitude := sqrt(Xcomponent # Xcomponent + Ycomponent # Ycomponent);
8738

8759 writeln(? Xcomponent = ', Xcomponent:5:3) ;

0769 writeln('Ycouponent = *,Ycomponent:5:3);

9761 writeln

9762 end; {RddVectors}

8763

0764 {HAHHHHHHEHEHE U H L L)
0765 {Queries user for Wind Latitude Coefficient Vector directions and velocities }

9766  {from National SAR Manual tables. }
0767

0768 procedure WindlatCoeffs;

0769

9778 var I : integer; {Used as a counter}

em

8772 begin {WindlatCoeffs}
o713 if Degreeslat )= 5 then
0774 begin {Last known position's latitude )= 5 degrees}

o775 CLRSCR;

e776 write('Refer to the latitude coefficient-vectors table for the ?);

oTn if LatNS = 'N' then writeln(*Northern'}) else writeln('Southern');

a8 write('latitudes (approximately page ') .
o7 if LatNS = 'N' then writeln(’8-16c) in the National SAR Manmual,')
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0783
0781
2782
2783
0784
e785
8786
er87
0788
0789
7%
8791
87%
0793
27%
8795
27%
8797
€798
8793
050
eas1
ese2
0823

0885
0885
8897
2808
2809
es1e
8811
es12
2813
8814
2813
S
est7
es18
e819
2820
8821
es2
2823
eg24
2823
2826
2827
2828
2829
0830
2831
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else writeln('8-16d) in the National SAR Manual.');

write('Find the degrees-latitude columm nearest to ',Degreestat:2);
write('-degrees-');

if LatNS = 'N' then writeln{'North.') else writeln('South.');
write('You will now be asked to enter the directions and ')}
writeln{'magnitudes for');

writeln('each of the eight periods appearing under that columm.’);
writeln;

for I :=1to B do
begin {Input applicable latitude ccefficient vectors for the 8 periods}

repeat {until valid compass direction}
write("PERIOD #,1:1,° DIRECTION = ')
readln(WindCoeffslI, 11}

until (WindCoeffsfl,i] }= 8,8) and (WindCoeffs(l,1] (= 360.0);

repeat {until valid compass direction}
write('PERIOD #',1:1, MAGNITUDE = ');
readIn(WindCoeffs(1,2])
until (KindCoeffs(1,21 )= @.883) and
(WindCoeffs{1,2] (= 8.83);

writeln
end; {Input applicable latitude coefficient vectors for the 8 periods}
CLRSCR;
Verifylinds
end  {lLast known position's latitude )= 5 degrees}

else

{If last known positicn's latitude is less tham S-dagrees, then the eight)
{Wind Current Latitude Coefficient directions revain at their initialized}
{value of zero, ard their zagritudes are set to one. This is dore tc )}
{ensure each periods overall wind current vector is unaffected until }
{later, when 5% of their velocity value will te determined as the total 1}
{wind currert vector of all comhined periods as directed in the Natiomal }
{SAR Manual, approximately pages 8~16b, 8-i6c, and B-!Ed. }

for 1 := 1 to 8 do WindCoeffs[1,2} := 1|
erd; {¥indLatCoeffs)

(R R S E R R R R AR R R R S S SR R R R E R R P R R AL R R R E R R AR AR}

{Usa2s vector addition to calculate the resultent wind current vector }
{direction and magnitude for each period and for the sum of all period }
{vectors, }

procedure WindCurrent;

var [,J : integer; {Used as counters)
ProRads, {Individual bearings ccnverted to radians}
Xcowponent, {Horizontal component of individual vectors?
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€334
8833
8a3s
0837

084!

2043

0845

o847

2849

2870
ear1
ear2
8873
0874
@875
0876
ear7
@878
8879

8881

Ycomponent : real; {Vertical component of individual vectors}

begin {WindCurrent}

for I :=1toNdo
begin {repeat calculations for each period}
Xcomponent := 0.8; Ycomponent := 0.8; {initialize}

for Ji1=1 08 do

begin {find total contribution of WirdsOverTime and WindCoeffs}
WindsOverTime{l,J, 53 := WindslverTinell,J,3] + WirdCoeffs(],12;
WindsOverTie[I,J,6] := WindsOverTiwell,J,4] # WirdCoeffsl),21;
BroRads := WindsOverTirmell,J,S1 / radians;
Xcouponent := Xcomporent + sin(BrgRads) # WindsDverTiimell,J,61;
Ycomponent := Yeomporent + cos(BrgRads) # WindsCverTizelI,J,62

end; {find total contribution of WindsODverTire and Windloeffs}

writeln('Period #',1:1);

fddVectors (Xcomponent, Ycomponent )

PeriodVectors(l, 11 := AvgHindFron;

PeriodVectors(1,2] := ResultMagnitude;

PeriodVectors{I,3] := PeriodVectors{I,2] # HoursWindEffectll]
end; {repeat calculations for each period}

if N =1 then {Only one 43-hcur wind period}

begin {Resultant wind current vector = resuitart period 81 vector}
MaxDirWindCurrent := PeriodVectorsli,11;
MaxWindCurrDist := PeriodVectors!t,3)

end  {Resultant wind current vector = resultant period #1 vector)

else
begin {There are wore than one 4B-hour wind pericds}
Xcomponent := 8,8; Ycomporent = 0.8; {re-initialize}
for I :=1 toNdo
begin {(Find each PeriodVector's Xccijonent and Yeocmponent}
BrgRads := PeriodVectors[I,1] / radians;
Xcomponent := Xecmporent + sin{BrgRads) # PericdVectors(l, 23
Yoomponent 3= Ycomponent + cos(BrgRads) # PericdVectors(I,3l
end; {(Find each PenodVector’s Xcomperent and Ycomponent}

writeln('Total Wind Current:');
RddVectors (Xcomponent, Yco"ponent )3
MaxDirWindCurrent := AvgWindFrom;
MaxWindCurrDist := ResultMagnitude
end; {There are more than one 48-hour wird periods}

R —

{if last known position's latitude ( S-degrees, then only 5% of the totall}

{downwind crift distance applies as referenced above from the National

{SAR Manual.
if Degreeslat ( 5 then MaxWindCurrDist := .85 # MaxWircCurrDist;

write ("HIT RETURN (Once or twice, as necessary) TD CONTINLE');
readin{continue);
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0384  CLRSCR;

0885
] 9886 write('Total Wind Current Direction is ',MaxDirWindCurrent:3:8,'-degrees ') -
ess? writeln(’ for ', MaxWindCurrDist:4:2,' nautical miles.'); R
2838 writelns(2); S
x 0839 writeln(’ If the number of hours of search object drift is uncertain, you'); SR
;-: 058% writeln{'must run this program twice (as mentiored earlier), On the first'); .
2891 writeln(*run, RECORD this Total Wind Current vector direction and distance'); -
ea% writeln(*for input during the second run.'}; -

{ 8893 writeln;

' 0894 writeln('If this is the second run, please row ENTER the previcusly-*);
0895 writeln('recorded Wind Current vector over the shorter drift period');
28% writeln(* (If not applicable, enter a heading of 361):');

ea97 repeat {until valid coxpass heading or 351}

0898 write(*WIND CURRENT DIRECTION (from Run #1) =) '); B

0839 readIn(MindirWindCurrent}

890 until (MinDirWirdCurrent }= @) and (MinDirWindCurrent (= 361);

6391

892 if MinDirWindCurrent () 361 then

2983 repeat {until valid response} .

0324 write(*WIND CURRENT DISTAMNCE (from Run #1) =) *); =

2925 readin(®inWindCurrDist) )

0986 until MirdindCurrDist )= d o

8907 PR

9908 end; {WindCurrent} -
(® 0910 (HFEE EREEHHHEMHHHNEH A R R R A ) -

9911  {Determines the average surface (leeway) wind hlowing on the search object's } i

8912 {exposed area above the ocean's surface. }

8913 S

8914 procedure AvgSurfaceWind; R

€915 L

016 varl : integer; (Used as counter} e

0917 BrgRads, {Indivicual bearings converted to radians}

2318 Xconponent, {Horizontal comporent of individual vectors)

919 Ycomponent : real; {Vertical component of individual vectors}

8320

8921 begin {AvgSurfaceWind}
@922 Xcomponent := 0.0; VYcomponent := 0.@; {re-initialize}

8924 for I :=1toNdo
0925 begin {(Find each 6-hour wird block's Xcouxponent and Ycomponent}

. 9926 VelocityComponent {11 := WindsOverTize(I,1,4] # HoursWindEffect(I];
8927 BrgRads := WindsOverTicell,{,3) / radians;
2328 Xcomponent := Xcomponent + sin(BrgRads) # Velocitylomponent([1];
0929 Ycomponent := Ycomponent + cos(BrgRads) # VelocityCcrponent I1
0930 end; {(Find each 6-hour wird block's Xcouponent anc Ycomponert )
9931
2932 CLRSCR;
0933 writeln('Average Surface Wind:');

-~ 0934 RddVectors ( Xcomponent , Ycomponent ) ;
0935 LeewayBrg := fAvaWindTo;
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2936 DirSurfWind := AvcWindFrom;

0337 SurfundMagnitude := ResuitMagnitude; ,
9938 SurfWndSpeed := Surfind¥aznitude / HoursElapsed; -
@939 write('Average Surface Wind Direction ');

948 write(DirSurfWind:3:0," -degrees True at ')

8941 writeln(SurfindSpeed:4:2,* knots.');

0942 writelnsie);

0943 writeln(' If the number of hours of search object drift is uncertain, you');
0944 weiteln('wust run this prograx twice (as mentioned earlier}. On the first'); .
0945 writeln('run, RECORD this RAveraje Surface Wind vector directicn and');
0346 writeln('speed for use in calculating the minimum leeway speed Curing the'l;

. 0947 writeln('second progras run. Then, ABORT this pregram ren, CLZAR your')y

: 2948 writeln('microcomputer!’s wverory, and RERUN the entire program'ly

‘ 0949 writelns(b);

n 0330 write("HIT RETURN (Cnce or twice, as recessary) TO CONTINUE '); T
2951 readin{continue)
8352
8353 end; {AvgSurfaceWind}
8354
€955 (HHEHHHFHHEHH I L E RS R IR )
9936 {Used by procedure Leeway (if drift rate and tiwe are known with certainty) @
€957 {to calculate minimum and maximun leesay drift direction. } <
2959  procedure DriftDirUncertain; O
0960 e
9361 begin {Directioral Drift Uncertainty} R
0382
2963 writeln{'Refer to the Leeway Speed Graph in the National SAR Yanual'); )
0964 writeln{? (approximately npace 8-15). Please enter the search chject''s');
8965 writeln('zaxinua expected degrees—divergence from the dowrwind vector:');
2966 repeat {until } 9}
8967 write('MAX EXPECTED DIVERGENCE =) Y); _
0958 readln(¥axDivergence) -
8369 until (MaxDivergence )= @) and (MaxDivergerce (= 60);
e3In
2971 if (LeewayBrg - MaxDivergence) { @ then  {adjusts for corpass liaits}
0972 MinLeeBrg := {(LeewayBrg + 262.9) - Maxdivergence
8913 else MinleeBrg := LeewayBrg - MaxDivergence;
0974
0975 if (LeewayBrg + MaxDivergerce) ) 350 then {adjusts for compass limits) 5
2976 MaxLeeBrg := (LeewayBrg + MaxDivergerce) - 368.0 .
oan else MaxLeeBrg := LeewayBrg + MaxDivergence; -
@98
0979 writeln; .
0989 writeln(*Refer to the Leeway Speed Foreulae in the National SAR Manual'); -
0981 writeln(’ {approximately page 8-13), Please enter the leeway speed at'); -
9982 writeln('which the search object drifts:');
0983 repeat {until ) @)
0984 write("LEEWAY SPEED =) ') e
2985 readln(MaxLeeSpeed) s
99086 until MaxLeeSpeed ) 8; "
0987 -
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1003
1004
1085
1806
1097
1083
1009
1010
1011
1912
1013
1014
1015
1016
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1820
o2t
122
1023
1024
1025
1026
1027
1ec8
1029
1830
1031
1032
1033
1034
1035
1036
1037
1038
1039

LT . . -

writeln;
writeln('Please enter the number of hours the search object drifted:’);
repeat {until ) 9}
write("HOUSS OF DRIFT =) ')
readln{MaxHoursOrift)
until MaxHoursDrift ) @

writeln;
MinLeeDistance := MaxleeSpeed # MaxHoursDrift;
MaxLeeDistance := MinLeeDistance

end; {Directional Drift Uncertainty}

{HHHHHHH HH R S R )
{Calculates the total leeway crift direction and distance. }

procedure LeewayDrift;
begin {LeewayDrift}

CLRSCR;

write('This program will now calculate the LEEWAY vector, ');
writeln(*or, that drift caused'};

write('by average surface winds pushing on the exposed ');
writeln('area of the search object.');

writeln('There are three leeway vector calculation options:?');
writelng

write(* (1} DRIFT RATE UNCERTAINTY - Used when the search ');
writeln(*object is unknown,');

write{’ or, when it is not known whether the object ')
writeln(*has deployed an');

write(’ anti-drift device (e.g., sea drogue). RAll *);
writeln(*drift is computed as');

writeln( a mininua and maxinum distance downwind3');
writeln;

write(* (2) DRIFT TIME UNCERTAINTY - Used if the number ');
writeln('of hours the search');

write(’ object has been drifting is not known for *);
writeln('certain. Rll drift');

writeln(? is computed as a winimum and maximum distance dowmwind;');
writeln;

write(' (3) DIRECTIONAL DRIFT UNCERTRINTY - Used if above ');
writeln('options do not’};

write(! apply. However, drift is computed for a ')}
writeln('divergent bearirg left');

writeln(? and right of the downwind vector.');

writeln;

writeln('Refer to the National SAR Marual for additional information.')}
writeln;

writeln;

writeln;

writeln;
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1240
081
1042
1043
1044
1045
1046
1047
1048
1049
1050
105¢
1052
1653
1854
1055
1056
1857
1058
1059
1060
1061
1062
1863
1064
1065
1066
1067
1068
1069
1070
1n
1er2
1073
1074
1075
1076
1er7
1078
1079
1080
1041
1082
1043
1084
1085
1086
1087
1088
1089
109
1091

repeat {until valid response}
write('PLERGE SELECT OPTION #1, #2, or 43 =) ');
readln(LeewayMethod)
until (LeemayMethod )= 1) and (LeewayMethod (= 3});
CLRSCRy

if LeewayMethod = 1 then
begin {lLeewayMethod = Drift Rate Uncertainty}

writeln('Refer to the Leeway Speed Formulae in the National SAR Manual');
write(? (approximately page 8-13). Please enter the minicus ');
writeln(®leeway speed')y
writeln(’at which the search object drifts (e.g., sea drogue deployed):!);
repeat {until ) @)

write('MINIMM LEEWARY SPEED =) ')}

readln(MinLeeSpeed)
until MinlLeeSpeed ) 9;

writeln;
writeln("Now, enter the maximum leeway speed at which the search object');
writeln('drifts (e.g. sea drogue NOT deployed):');
repeat {until ) @}
write ("MAXIMUM LEEWAY SPEED =) ');
readln{MaxLeeSpeed)
until MaxLeeSpeed ) 8;

writeln;
writeln('Please enter the number of haurs the search object drifteds');
repeat {until ) &}
write{"HOURS OF DRIFT =) ?);
read1n{MaxHoursDrift)
until MaxHoursDrift ) @;

writeln;

MaxLeeBrg := LeewayBrg;

NinLeeDistance := MinleeSpeed # MaxHoursDrift;
MaxLeeDistance := MaxLeeSpeed # MaxHoursDrift

end; {LeewayMethod = Drift Rate Uncertainty}

if LeewayMethod = 2 then
begin {(LeewayMethod = Drift Time Uncertainty}

write('Please enter the MINimua nunber of hours the ');
writeln('search object drifted:');
repeat {until ) @)
write ("MINIMUM HOURS OF DRIFT =) ');
readln{MinHoursDrift)
until MirHoursDrift ) 8;
writeln;
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1893
1094
1095
109%
1097
fed8
1099
1108
1181
e
1te3
1184
1185
1106
1107
1t08
1109
1110
1§88
1R
13
1114
1115
1116
1Hn
1118
119
1128
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
11
1133
. 1134
113
1136
1137
1138
1139
114
1144
1142
1143
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write('Please enter the MAXizum number of hours the ');
writeln('search object drifted:');
repeat {until ) @}
write ("MAXIMUM HOURS OF DRIFT =) *);
readln(MaxHoursDrift)
until MaxHoursDrift ) &;
writeln;

writeln('Refer to the Leeway Speed Formulae in the National SAR Manual'};
writeln(! (approxinately page 8-13), Please enter the leeway speed at’);
writeln('which the search object drifis:');
repeat {until )} 8}

write ("MAXIYUM LEEWAY SPEED =} ');

readln(MaxLegSpeed)
until MaxLeeSoeed ) 9;

writelns(2);
write('If the number of hours of search object drift ');
writeln(’is uncertain, you nust');
write{'run this progran twice (as mentioned ');
writeln(*earlier). If this is the');
write(*second run, please ENTER the Leeway Spzed');
writeln(’ (read from the graph)');
write{'using the previously-recorded Average Surface Wind ')
writeln(’vector frox the');
writeIn("shorter drift period:'};
repeat {until valid response}
write(*RINIYUM LEEWAY SPEED =) ')
readln(Min_eeSpeed)
until MirLeeSpeed )= 8;

MaxLeeBrg := LeewayBrg;
MirLeeDistance := MinLeeSpeed # MinHoursDrift;
MaxLeeDistarce := MaxLeeSpeed # MaxHoursDrift

end; {lLeewayMethod = Drift Time Uncertaintyl}
if LeewayMethod = 3 then DriftDirUncertain

end; {LeewayDrift}

(HH R )
{Determines the sea {or slope) current affecting search object drift, and, }
{queries user for total observed water current vector, if known, }

procedure SeaCurrent}

begin {SeaCurrent}
CLRSCR;
writeln('Please enter the sea current vector as described in the National');
writeln('SAR Manual (approximately pages 8-16i and B-1€j):")§

repeat {until valid compass heading}
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1144 write('SEA CURRENT DIRECTION (SET) =) ');

1145 readln(DirSeaCurrent)

1146 until (DirSeaCurrent }= @) and (DirSeaCurrent (= 360i;
1147 writelny

1148

1149 repeat {until valid response}

1150 write(?SER CURRENT VELOCITY =) ')
1151 readln(SeaCurrSpeed)

115 until SeaCurrSpeed )= §;
153 writelns

¢ 1154
: 1155 if MinHoursDrift ) @ then .
1156 MirSeaCurrDist := MirkoursDrift # SeaCurrSpeed;
ﬁ 157 MaxSeaLurrDist := MaxHoursDrift # SeaCurrSpeed;
1158
1158 write("dhich publication did you use as the source of ')}
1169 writeln{'your sea current data?:");
[ 1161 writeln;
f 1162 write(®(1) Naval Oceanographic Office Spec. Pub. ');

- 1163 writeln('Series 4839, Surface Currents');
1164 writeIn(' (2) Publication No. 700');
1165 writelm(® (3) QOceanographic Atlas');

L 1166 writeIn(' (4) Atlas of Surface Currents');
[ 1167 writeIn(' (5} Pilot Charts’);
'; 1168 writeIn(' (6) Other');

1169 witeln;

(@ 1170 repeat {until an above source is selected}
411 write(YSELECT ONLY ONE =) ")
1R readln(SourceSeaCurr)
1173 until (SourceSeaCurr )= 1) and {SourceSeaCurr (= 6);
1174
1175 CLRSCR;
1176 witeln(*Please enter the observed total water current, if known.');
un writeln(’This current is determined by observing the drift positions’);
1178 writelnC’and times of surface debris, o0il slicks, or, by imserting');
179 writeln{'an electronic Datum Marker Buoy in the search area. This');
1180 writeln('total water current vector replaces the surface wind and');
1181 writeln('sea current vectors previously calculated by this program.?);

1182 writeln(’ (If unknown, enter a heading of 361):');
1183 repeat {until valid coupass heading}

1164 write (*TOTAL WATER CURRENT DIRECTION =) '); S
1185 readln(DirTotalCurrent) . T
. 1186 until @irTotaiCurrent )= 8 and (DirTotalCurrent (= 361);
1187 writeln; . S
1188 - - 9
1189 if DirTotalCurrent O 351 then .
1199 repmat  {until valid response}
19y arite(*TOTAL WATER CURRENT VELOCITY =) *); ]
1192 readln(TotCurrSpeed) SO
1193 antil TotCurrSpeed ) @; -

- 119
o 1195 if MinHoursDrift ) @ then MinTotCurrDist := MinHoursDrift # YotCurrSpeed;
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11% MaxTotCurrDist := MaxHoursDrift # TotCurrSpeed;
C 1197
/| 1198 CLRSCR;
119 writeln(’ If you have calculated a Tidal Current vector, please enter it here’.;
1200 writeln(* (If not applicable, enter a heading of 361):');
{281 repeat {until valid compass heading}
1282 write(" TIDAL CURRENT DIRECTION =} ');
. 1283 readln{DirTidalCurrent)
. 1284 until (DirTidaiCurrent }= @) and (DirTidalCurrent (= 361);
1205 writeln;
1286
1287 if DirTidalCurrent () 361 then
1208 begin {Tidal Current calculated/known}
1209 repeat {until valid response}
,'; 1218 write ("MAXIMUN TIDAL CURRENT DISTANCE =) ');
1211 readin{MaxTiceDistance)
1212 until MaxTideDistance )= @;
1213
1214 repeat {until valid response}
. 1215 write ("MINIMUM TIDAL CURRENT DISTANCE =) *);
® {216 readin(MinTideDistance)
. 1217 until MinTideDistance }= 8;
1218
1219 end  (Tidal Current calculated/known}
1228 end; {SeaCurrent}
- 1221
£ (® 1222  (HHHHHHHRHEHHHHHHH G P I S I )
' T 1223  {Determines the Datum Drift Vector (Min and Max, if applicable) from the }
1224 {vector sum of all previous surface drift vectors, }
- 1225
: 1226  procedure Datum;
- 1227
i 1228  var BrgRads, {Individual bearings converted to radians}
- 1229 TestpX, {Used for min Datum vector calculations}
T 123 TempY, {Used for win Datum vector caloulations}
7 1231 fcomponent, {Horizontal component of individua) vectors}
1232 Ycomporent 3 realy {Vertical comporent of individual vectors)
T 1233
® 1234  begin {Datum}
: 1235
123%  {Start Maximum Datus Vector Calculations}
1237 Xcomponent := Q,8; Ycomponent := @,8; {re-initialize}
. 1238
: 1239 if DirTotalCurrent = 361 then {Observed Total Water Current unknown}
® 1240 begin {Find Wird and Sea Current vectors X & Ycomponents)
’ 1281 BrgRads := DirSeaCurrent / radians;
1242 Xcomponent := sin(BrgRads) # MaxSeaCurrDist;
1243 Ycomporent := cos(BrgRads) # MaxSeaCurrDist;
1244 BrgRads := MaxDirWindCurrent / radians;
> 1245 Xcomponent := Xcomporent + sin(BrgRads) # MaxWindCurrDist;
: -~ 1246 Ycomponent := Ycomponent + cos(BrgRads) # MaxWindCurrDist

1247 erd {Find Wind and Sea Current vectors X & Ycompoments)
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1248
1249 else {Use Observed Total Water Current in lieu of Wind or Sea Currents}
1250 begin {Find Observed Total Water Current vector X & Yconporerts} -

1351 BrgRads := DirTotalCurrent / radians;

1252 Xcomponent := sin(BrgRads) # MaxTotCurrDist; -
1253 Ycomponent := cos(BrgRads) # MaxTotCurrDist o
1254 end; {Find Observed Total Water Current vector X § Ycomponents} -
1255
1256 {Use the current X ¢ Ycomponents in the Minimum Datum Vector calculations} ?
1857 {below if LeewayMethod = 1 or 3.} TempX := Xcomwponent; TempY := Ycomponent;

1258

1259 {Find Leeway Drift vector X & Ycomponents}

1269 BrgRads := MaxteeBrg / radians;

1261 Xcomponent := Xcomponent + sin(BrgRads) # Maxleelistance;

1262 Ycomponent := Yromsponent + cos{BrgRads) # MaxLeeDistance;

1263

1264 if MaxTideDistance } @ then {Tidal Current calculated/known}
1265 begin (Find Tidal Water Current vector X & Ycomponents}

1266 BrgRads := DirTidalCurrent / radians;

1267 Xcomporent := sin(BrgRads) # MaxTideDistance;

1268 Ycomponent := cos(BrgRads) # MaxTideDistance

1269 end; {Find Tidal Water Current vector X & Ycomponents}
1270

121 CLRSCR;

1272 writeln(' (Max) Datum Vector:');
1273 AddVectors (Xcomponent, Ycomponent ) §
40 1274 writelns(2);
1275 DeaxDir := RvgWindFrom;
1276 DmaxDistance := ResultMagnitude;
1277 {End Maximum Datum Vector Calculations}
1278
1279  {Start Minimum Datum Vector Calculations}
1280 Xcomponent := @.0; Ycomponent := 0.0; {re-initialize}
1261
1282 if DirTotalCurrent = 361 then {(Observed Total Water Current unknown}
1283 begin {Find Min Wind and Min Sea Current vectors X & Yeomponents)

1284 if MinSeaCurrDist } @ then {If Min Sea Current vector exists} T

1285 begin {(Find Min Sea Current vector X & Y components} ' .o

1286 BrgRads := DirSeaCurrent / radians;

1287 Ycomponent := sin(BrgRads) # MinSeaCurrDist; ‘ )

1288 Ycoaponent := cos(BrgRads) # MirSeaCurrDist

12689 end; (Find Min Sea Current vector X & Y components} .

d 129

1291 if MinDir¥indCurrent () 361 then {If Min Wird Current vector exists}

12% begin {Find Min Wind Current vector X ! Y cowponents} j

1293 PrgRads := MinDirWindCurrent / radians; 9

129 Xcomponent := Xcomponent + sin(BrgRacs) # MinWindCurrDist; ]

1295 Ycoaponent := Ycomponent + cos(BrgRads) # MinWincCurrDist -y

12% erd  (Find Min Wind Current vector X & Y conponents} B
b

1297 end {(Find Min Wind and Min Sea Current vectors X & Ycomponents)

13
.Q
A

1299 else {Use Ohserved Total Water Current in lieu of Wind or Sea Currents}

i

o

e e
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1300 begin {Find Observed Total Water Currert vector X & Ycomporents}

1301 BrgRads := DirTotalCurrent / radians;

1382 Xcomponent := sin(BrgRads) # MinTotCurrDist;

1303 Ycoaponent := cos(BrgRads) # MinTotCurrDist

1304 end; {Find Observed Total Water Current vector X & Ycomponents}
135

1306 if LeewayMethod () 2 then
1397 begin {Set Min X & Y component values = ¥ax Sea and WindCurrent values}

1308 Xcomporent := TempX; Ycomponent := TempY

1309 end; {Set Min X § Y component values = Max Sea and WindCurrent values}
1310

1311 {Find Leeway Drift vector X { Ycomponents}

1312 BroRads := MinlLeeBrg / radians;

1313 Xcomponent := Xcomporent + sin{BrgRads) # MinleeDistance;
1314 Ycomponent := Ycomponent + cos(BrgRads) # MinteeDistance;
1315

1316 if MinTideDistance } @ then {Tidal Current calculated/known}
1317 begin {Find Tidal Water Current vector X & Ycomponents}

1318 BrgRads := DirTidalCurrent / radians;

1319 Xcomponent := Xcomponent + sin{BrgRads) # MinTideDistance;
1328 Ycomponent := Ycomporent + cos(BrgRads) # MinTideDistance
1321 end; {Find Tidal Water Current vector X & Ycomponents)

1322

1323 writeln(' (Min) Datum Vector:?);

1324 fAddVectors (Xconponent, Ycomponent )

1325 writelns(2);

1326 Dmindir := AvgWincFros;

1327 DminDistance := ResultMagnitude;

1328  {End Minimum Datum Vectcr Calculations}

1329

1338 write('Total Surface Drift Dir, : ' DwinDir:3:0);

1331 writeln('-degrees ', DwaxDir:3:9,° -degrees’ ) §

133 write('Total Surface Drift Dist.: ',Dmindistance:4:2);
1333 writeln(* naut, mi, ' DmaxDistance:4:2," naut. mi.');
1334 writelns(7);

1335 write("HIT RETURN (Dnce or twice, as necessary) TO CONTINUE *);

133 readln(continue);
1337
1338 CLRSCR;

1339 writelnsi4);
1340 writeln('Calculating . . . Please stand by')

138
1342  erd; {(Datum)
1343
1384 (S80S R R R R HE R EE E R H R AR H R R HH HE R HHHE H HE A R )
1345 {Provides user with program inforsation, limitations on use and licence, } k
1346 b
1347  procedure Warranty; SN
lm . -:"1
1349  var continue : char; {Bogus read variable provides time to read warranty} j
135
1351 begin {Warranty}
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1352
1353 write (! (FEHHHHEHEHIHHHH I )
1354 writeln (? s34 AR MR ERER ) )3
1355 write(' (# SEARCH PLANNING SOFTWARE ')
1356 writeln(' (PROSRAM #2 OF 3} LI H
1357 write{' (¢ TITLE: SURFDRIF,COM (Surface Drift ');
1358 writeln('Algoritha) )3
1359 write(' (# VERSION: 1.1 for CP/M ");
1368 writeln{*Operating System )
1361 write(* (+ DATE WRITTEN: September 1984°);
1362 writeln(? 1)y
1363 write(* (¢ LICENSE: COPYRIGHT 1984°);
1364 writeln(} D. RICK DOUGLAS ')y
1365 write (' (HEHHER R P )
; 1366 writeln (" HEEEE e HE I ) T ) )
1367 write(*The author makes no express or implied ');
1368 writeln(*warranty of any kind with regard to')y
1369 write('this program material, including, but ')}
1370 writeln{'not limited to, the implied warranty of'};
1311 write('fitness for 2 particular purpose. '),
) 1372 writeln('The author shall not be liable for');
1373 write('incidental or consequential damages ');
1374 writeln{'in conrection with or arising out of');
1375 write(' furnishing, use, or performarce of this ');
1376 writeln(*program. The reader FLST HAVE a solid');
. 1317 write(*understanding of search and rescue '}
R (o 1378 writeln('wethodology before using this software in'lj
1319 write("making decisions where human life is at ')}
1380 writeln(®risk. In fact, since no amount of?);
1381 write('testing can uncover 108% of program ');
1382 writeln(errors, this program is recommended for');
- 1383 write('training use only, Prior attendance ');
] 1384 writeln('at the United States Coast Guard''s’);
1385 writeln(*National SAR School is highly-encouraged.’);
1386 writeln;
1387 write (! (HHEHHEEHH ) )
1388 writeln(' WARNING! HHHHHHHIHHHHIHI) )}
1389 write(' (# THIS SOFTWARE MAY BE FREELY-');
) 139 writeln(*DISTRIBUTED PRIVICED MO FEE '),
1391 write(* (¢ IS CHARGED AND THIS');
1392 writeln(' COPYRIGHT NOTICE IS RETAINED )
1393 write (! (HHEHE R )
. 139% writeln (' SHEE I I I ) )
1395 writeln;
) 139% write('PLEASE HIT RETURN (Once or twice, as necessary) TO CONTINUE'}; j
1397 readln(continue) -
1398 ~ ]
. 1399 end; {Warranty) R
: 1400 =
: 1401 (HREEHH M H A HHH R R R A R HE R L R LR R R ) -
' -= 1482 {Called by procedure WriteToDisk; Prints out record of Wind and Sea Current } , 4
1483 {vectors or Observed Total Water Current vector, as applicable. } B
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1404
1405 procedure RecordCurrents;

| - 1486 -
1407  wvar 1,J : integer; {Used as counters}
1488
1489 begin {RecordCurrents}
1410
. 1411 if DirTotalCurrent = 361 then
| 1412 begin {Observed Total Water Current unavailable} )
1413
1414 {Begin record of Wind Current Vector}
1415 for 1 :=1toNdo
1416 begin {repeat for each period}
) 1417 writeln(Seabat,’ *);
. 1418 writeln(SeaDat,'WIND CURRENT PERIOD #',I:1);
1419 write{SeaDat,'Interval Date-Time-Group Wind "3
1428 writeln(SeaDat,'Coefficients  Contributions');
1421
1422 for J:=1to8do
1423 begin {repeat for each interval}
) 1424 write(SeaDat,* ',J:1,! ¥, WindsOverTizell,J, 11:2:0}; B
1425 if WindsOverTizelI,J,21 = @ then write(SeaDat,’ @201 ')
1426 else if WindsOverTimelI,J,21 = 620 then write(SeaDat,'@5007 1)
1427 else write(SeaDat,WindsOverTimell,J,21:4:8,'2 "3
1428 write(SeaDat,WindsOverTimell,J,31:3:0,' / ")}
1429 write(SeaDat,WindsOverTime(l,J,41:2:0," ') ,
E (o 1430 write(SeaDat, MindCoeffs(J, 11:3:8," / *}; o
1431 write(SeaDat,WindCoeffs(J,2]:4:3,* A H ‘
1432 write(SeaDat, WindsOverTime(1,J,51:3:¢,? / *};
1433 writeln(SeaDat,WindsOverTime(l,J,61:4:3)
1434 end; {repeat for each interval}
. 1435 writeln(SeaDat,' '); R
] 1436 write(SeaDat,'Local Wind Current This Period we T
- 1437 writeln(SeaDat, PeriodVectors(l,11:3:0,* / !,PeriodVectors(],21:4:3);
1438 write(SeaDat, 'Number Of Hours In This Period ');
1439 writeln(SeaDat, HoursWindEffect {11:1)3 R
1440 write(SeaDat,'Wind Current Vector This Period B H T
1441 write(SeaDat,PeriodVectors[l, 11:3:9," / ', PeriodVectors(l, 31:4:3); -t
b 1442 writeln(SeaDat,’ nautical miles');
1443 write(SeaDat,’ 1); 3
1444 writeln(SeaDat,’ 1) ]
1445 end; {repeat for each period} )
. 1445 ]
’ 1447 write(SeaDat,'Total Wind Current Direction s
) 1448 if MaxDirWindCurrent ) 100 then |
1449 writeln(Seabat,¥axDirWindCurrent :3:9, ! -degrees True')
1458 else if MaxDirWindCurrent ) 10 then
1451 writeln(SeaDat,' @’ MaxDirWindCurrent:2:9,'-degrees True')
1432 else writeln(SeaDat,'@d’ ,MaxDirWindCurrent:1:8,* ~degrees True');
1453
. 1454 if MirHoursDrift = @ then q
- - 1435 begin {(Minimum wind current vector not computed} 1
D-64 1
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| 1456 write(SeaDat, ' Total Wind Current Distarce ")

s 1457 writeln(Sealat, MaxWindCurrDist:4:2," rautical miles')

k’- 1458 erd  (Minimus wind current vector not cozputed} 4

1 1459 else

L 1460 begin {max and min wind current drift distances exist}

9 1461 write(SeaDat,Total Wind Curr. Distance: Min = * MirWindCurrDist:4:2); ) 1

1462 writeln(SeaDat,' naut.mi. Max = !,MaxWindCurrDist:4:2," naut. £i.') =

- 1463 end; {max and min seacurrent drift distances exist} R

h 1464 S

. 1465 write(SeaDat,’ *)s |
1466 writeln(Sealat,! ')y
1467 writeln(SeaDat,' *);

[ 1468 writeln(Sealat,*SEA CURRENT VECTOR: K
1469
1470 if SourceSeaCurr = 1 then 3
1471 begin {Source #1 used} 1
1472 write(SeaDat, 'Used Naval Dceanographic Office Spec, Pub, ');
1473 writeln(SeaDat,'Series 4228, Surface Currents') )
1474 erd; {Source #1 used} :
1475 if SourceSealurr = 2 then writeln(SeaDat,'Used Publication No. 708');
1476 if SourceSeaCurr = 3 then writeln(SeaDat,'Used Oceanographic Atlas'); )
1a77 if SourceSealurr = & then
1478 writeln(SeaDat,Used Rtlas of Surface Currents'); ;
1479 if SourceSeaCurr = 5 then writeln(SeaDat,'Used Pilot Charts'}; T
1489 writeln; ]
1481 if SourceSeaCurr = 6 then o
1482 writeln(SeaDat, * Source: )3 -
1483 )
1484 write(SeaDat,'Sea Current Direction (Set) )3 i
1485 if DirSeaCurrent } 109 then RS
1486 writeln(SeaDat,DirSeaCurrent :3:0, ' -degrees True') S
1487 else if DirSeaCurrent } 10 then ]
1488 writeln(SeaDat, @' ,DirSeaCurrent:2:9, ' -degrees True') o
1483 else writeln(SeaDat,'@d',DirSeaCurrent:1:8,'-degrees True'); 3
1499 write(SeaDat,’Sea Current Drift Rate )3 . J
1491 writeln(SeaDat, SeaCurrSpeed:4:2,* knots®); ’
1492 if MirtoursDrift = @ then
1493 begin {No minimum vector calculations}
1494 write(SeaDat, 'Sea Current Drift Distance: B H
1495 writeln(SeaDat,MaxSeaCurrDist:4:2,' knots') 1
14% end  {No minimun vector calculations} o
1497 eise o
1498 begin {max and min seacurrent drift distances exist} . ]
149 write(SeaDat,'Sea Current Drift Distance: Min = ', MinSeaCurrDist:4:2); 1
158 writeln(SeaDat,' krots Max = ' MaxSeaCurrDist:4:2,* knots*)
1581 end {mwax and min seacurrent drift distances exist} i
1562 j
1583 end; {Observed Total Water Current unavailable} R
1504 =
1565 if (DirTotalCurrent () 3561) and (TotCurrSpeed ) @) then K
156 begin {Total water current vector is known} !

1507 write(SeaDat,' ')
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1508 writeln(SeaDat,* TEE==s==sRIs 13
1503 writeln(SeaDat,* ');
1510 writeln(SeaDat, ' OBSERVED TOTAL WATER CURRENT VECTOR: ')
1511 write(SeaDat,'Tot Current Direction: ')
1512 if DirTotalCurrent ) 120 then
1513 writeln(SeaDat,DirTotalCurrent :3:0,' -degrees True')
1514 else if DirTotalCurrent ) 10 then
1315 writeln(SeaDat,'@',DirTotalCurrent :2:9,' -degrees True')
1516 else writeln{SeaDat,'2@',DirTotalCurrent:1:0,'-degrees True');
1517 write(SeaDat,*Tot Current Drift Speed: ¥, TotCurrSpeed:4:2);
1518 writein(SeaDat,? knots');
1519 if MinHoursDrift = @ then
1520 begin
1521 write(Szabat,!Tot Current Drift Distance: ')
1522 writeln(SeaDat,MaxTotCurrdiste4:2,' knois')
1523 end
1524 else
1525 begin {max and min total current drift distances exist}
1526 write(SeaDat,'Tot Current Drift Distarce: Min = ', MinTotCurrDist:i4:2);
! 1527 writeln(SeaDat,* knots Max = ', MaxTotCurrDist:4:2,’ krots')
® 1528 end  {max and min total current drift distances exist}
{ 1529
1530 end  {Total water current vector is known}
5 1531 end; {RecordCurrents}
L 1532
i 1533 (SEEREREEEEEREEEEREERE S F R EEE AT R R R R R A ER )
(® 1534 {Prints out record of search planning inputs and calculations from} o
1535 {this program. }
1536
1337 procedure WriteToDisk;
1538
1539 wvar ] ¢ integer; {Used as counter}
1540 LastDegree, {Last known position degrees}
1541 LastMinute : real; {Last known pasition minutes}
1542

1543 begin (WriteToDisk}

1544 assign(SeaDat, ! SeaData’ )

1545 rewrite(Sealat)

1546

1547 {Begin record of last known position and time)}

1548 LastDegree := trunc(LastlatituceXnonn);

1549 LastMinute := rourd( (LastlatitudeKnown-LastDegree) # 100);

. 1350 write(SeaDat, 'Missino aerospace object/pilot(s) last known position:');
1551 if LastDegree ( 10 then write(SeaDat,' ',LastDegree:i:8,'-")
1552 else write(SeaDat,’ ',LastDegree:2:9,'-');

1553 if LastMinute ( 18 then write(SeaDat,'®',LastMinute:1:8," )

- 1554 else write(SeaDat,LastMinute:2:@,' )

A 1555 if LatNS = 'N' then write(SeaDat,'North’) else write(SeaDat,'South');
. 155

r: 1557 LastDegree := trunc{lastlLongitudeXnown);

@ - 1558 LastMinute := round( (LastLonpitudeKnown-LastDegree) & 100);

o 1559 if LastDegree ( 18 then write(SeaDat,' @', LastDegree:!:9,'-')
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else write{SeaDat,' ',lLastDegree:2:0,'-');
if LastMinute ( 10 then write(SeaDat,' 0',LastMinute:1:8,' ')

else write{SeaDat,® ',LastMinute:2:0," ');

if LongEW = 'W' then writeln(SeaDat,'West') else writeln(Sealat,’East!);

{Prints a zero in front of one-digit dates in I DTG format}

if trunc{lastDateTime / 10808) ( 10 then

writeln(ScaDat,’Tine: 8',LastDateTime:5:8,°2 *,Last¥onth:2," /! LastYear:4)
else

writeln{SeaDat,'Times *,LlastDateTine:6:9,'7 ?,LastMonth:2,?/,LastYear:4);
write(SeaDat,’ ')

writeln(SeaDat,’ o H

{Begin record of Averapge Surface (Leeway) Winds}
writeln(SeaDat, ' AVERAGE SURFACE WINDS:?);
writeln(SeaDat,'Date-Tive-Group  Hours Wind Contributions');
for [ =1 to N do
begin {repeat for each wind block}
write{SeaDat,”  !,WindsOverTime(l,1,11:2:0);
if WindsOverTire(l,1,2] = @ then write(SeaDat,'00287 ')
else if WindsOverTime{I,1,2] = G@@ then write(SeaDat,!06891 Y
else write(SeaDat,WindsOverTizelI,1,21:4:0,%1 )3
write(SeaDat, HoursWindEffect (I1:1,? ')
write(SeaDat, NindsOverTime(l,1,31:3:9,* / *);
write(SeaDat, WindsOverTizell,1,41:2:0," L H
write{SeaDat,NindsOverTime(l, 1,37:3:9," /7 %)}
writeln{Seadat, VelocityComponent [11:3:8)
end; {repeat for each block}

writeln(SeaDat,? *);
write(SeaDat, ! Total Average Surface Wind Direction ')}
if DirSurfWind ) 102 then
write(SeaDat,DirSurfiind:3:9, ' -degrees True')
else if DirSurfWind )} 18 then :
write(SeaDat,’®’,DirSurfWind;:2:Q,'-degrees True')
else writelSeaDat,’@®’,DirSurfiind:1:0,'-degrees True');
writeln(SeaDat,! at ',SurfindSpeed:4:2,' knots');
write(SeaDat,’ )3
writeln(SeaDat,’ )3

writein(SeaDat,' ');
write(SeaDat, *LEEWAY DRIFT VECTOR CALCULATIONS: B H
if LeewayMethod = 1 then
begin {Drift rate uncertainty}
writeln(SeaDat,’Drift Rate Uncertainty’};

writeln(SeaDat, 'Hours Of Drift !, MaxHoursDrift :2) 3
write(SeaDat,'Drift Rate Min = ' MinleeSpeed:4:2) ;
writeln(SeaDat,’ knots Max = *,MaxLeeSpeed:4:2," knots');
write(SeaDat,'Leeway Direction W H

writeln(SeaDat,MaxLeeBrg:3:8, ' ~degrees True');
if MaxLeeBrg ) 108 then
writeln(SeaDat, MaxLeeBrg:3:9, ! ~degrees True')
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1612
1613
1614
1615
1616
1617
1618
1619
1629
1621
1622
1623
1624
1625
1626
1627
1628
1629
1639
1631
1632
1633
1634
1635
1635
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1658
1651
1652
1653
1654
1655
1656
1657
1658
1659
1669
1661
1662
1663

else if MaxLeebrg ) 10 then
writeln(SeaDat,’@' MaxLeeBrg:2:9,'-cegrees True')
else writeln(SeaDat,'@d',MaxLeeBrg:1:0,'-degrees True');
write(Sealat, 'Leeway Distance Min = ' Min_eeDistance:4:2);
writeln(SeaDat,' naut.mi. = ' MaxteeDistance:4:2,' naut.wi.')
end; {Drift rate uncertainty)

if LeewayMethod = 2 then
begin {(Drift tiee uncertainty}
writeln(SeaDat,'Drift Time Uncertainty’);

write(SeaDat, Hours Of Drift Min = ', MinHoursDrift:2);
writeln(SeaDat,’ Max = ' MaxHoursDrift:2);
write(SeaDat,'Drift Rate Y, MaxLeeSpeed:4:2);
writeln(SeaDat,’ krots’);

write(SeaDat,'Leenay Direction ')

if MaxlLeeBrg ) 128 then
writeln(SeaDat, MaxLeeBrg:3:0,'-degrees True')
else if MaxieeBrg ) 10 then
writeln(SeaDat,'®’,¥axieeBrg:2:0,'-degrees True')
else writeln(SeaDat,'@d',MaxLeeBrg:1:@, '-degrees True'};
write(SeaDat,'Leeway Distance Min = ' MirLeeDistance:4:2);
writeln(SeaDat,' naut.mi. Max = ' MaxLeeDistance:4:2,' naut.mi.'}
end; {Drift tiwe uncertainty)

if LeewayMethod = 3 then

begin {Directional drift uncertainty}
writelr(SeaDat,'Directional Drift Uncertainty');
write(SeaDat, 'Maxizun Expected Divergence 3
writeln(SeaDat,MaxDivergence:2, ' -degrees')

write(SeaDat,’'Drift Rate '3
writeln(SeaDat,MaxLeeSpeed:5:3,! unots');

writeln(SeaDat,'Hours Of Drift ! MaxHoursDrift:2) ;
write(SeaDat, 'Leeway Direction Min = )3

if MinLeeBrg ) 120 then
write(SeaDat,MinLeeBrg:3: 0,'-degrees Max = V)
else if MinlLeeBrg ) 18 then
write(SeaDat,'®’ ,MinlesBrg:2:0,"-degrees  Max = *)
else write(SeaDat,'@@’,MinLeeBrg:1:0,'-degrees  Max = ');
if MaxLeeBrg ) 108 then
writeln(SeaDat, MaxLeeBrg:3:9, ' -degrees True')
else if MaxleeBrg ) 18 then
writeln(SeaDat, '@’ MaxLeeBry:2:0, ' -degrees True')
else writeln(SeaDat,?@d',MaxleeBrg:1:8,'-degrees True');
write(SeaDat,'Leeway Distance Nin = ', Min_eeDistance:d:2);
writeln(SeaDat,! naut.mi. Max = ¥,MaxLeeDistance:4:2,' naut.mi.')
end; {Directional drift uncertainty}

write(SeaDat,’ )3
writeln(SeaDat,’ 1),
RecordCurrents;

if MaxTideDistance ) @ then




h‘. .
1664 begin {(Tidal Current calculated/known}
1665 write(SeaDat,'Tidal Current Direction: "3
h 1666 if DirTidalCurrent ) 108 then .
. 1667 writeln(SeaDat,DirTidalCurrent:3:9,'-Cegrees True!)
5 1668 else if DirTidalCurrent ) 13 then
o 1669 writeln{SeaDat,'®',DirTidalCurrent:2:0,'~degrees True')
{ 1679 else writeln(SeaDat,'8d*,DirTidalCurrent:1:8,'degrees True');
t" 1671 if MinTideDistance ) @ then
1672 begin {(max and min tidal current drift distances exist} -
_ 1673 write(SeaDat,'Tidal Curr. Drift Distance: Min = *);
1674 write(SeaDat,MinTideDistance:4:2,' naut.mi. Max =');
1675 writeln(SeaDat,MaxTideDistance:4:2,' naut.mi.?)
1676 end {max and min tidal current crift distances exist}
1677 else
1678 begin
1679 write(SeaDat,'Tidal Curr. Drift Distance: B
1680 writeln(SeaDat,MaxTotCurrDist:4:2," naut.mi.')
1681 end
1682
1683 end; {Tidal Current calculated/known}
1684 -
1685 write(SeaDat,’ ')
1686 writeln(SeaDat,’ i H

1687 writeln(SeaDat,® ');

1688 writeln(SeaDat, ' TOTAL SURFACE DRIFT (Dmin & Dmax) VECTORS:');
1689 write(SeaDat, ' Tot.Surf.Drift Direction ¢ )3 O
1699 if DninDir ) 129 then e

1691 write(SeaDat,DninDir:3:0, ' -degrees ')
1692 else if Duindir ) 18 then
1693 write(SeaDat,'®’,DninDir:2:0, ' -degrees ')

1694 else write(SeaDat,?8d',DuinDir:1:9, " -degrees )4
1695 if DwaxDir )} 129 then S
1696 writeln{SeaDat, DwaxDir:3:0, '-degrees True') ' .

1697 else if DwaxDir } 1@ then
1698 writeln(SeaDat, @', DmaxDir:2:9, ' degrees True')

1699 else writein(SeaDat,?8d’,DuaxDir:1:0, ' -degrees True');
1700 write(SeaDat,’Tot.Surf.Drift Distance : ',DminDistance:4:2);

i17e1 writeln(SeaDat,' naut. mi. ' DmaxDistarce:4:2,' naut, mi.!);
17
173 write(SeaDat,’ ')

-
— ae

1704 writeln(SeaDat,'
1785 writeln(SeaDat,' )3

. 1706 close(SeaDat)
1707 end; {MriteToDisk}
1708

1709  (HHHHHHHHEHHHH I A H )
1718  begin {main progras}

1711

1712 {initialize prograw variables}

113 continue := '0'y DatumDateTive :z 0.8; DatumMonth := @; DatumYear := @;
1714 Days := @; Degreeslat := 188; DirSeaCurrent := 361.0;

1ns DirSurfiind := @.8; DirTidalCurrent := -1.8; DirTotalCurrent := -1.&
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1716
1
1718
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1744
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1749
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1751
1752
1753
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1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767

DmaxDir := -1.0; DminDir := -1.0; DmaxDistance := 0.9;

DwinDistance := 0.8; HoursElapsed := @; LastDateTime := 0.9;

LastDay := @; LastHour := @; LastLatitudeXnown := @.0;
LastiongitudeKnown := @,0; LastMonth := @; LastYear := 9;

LatNS := 'Q'; LeewayBrg := 0.0; LeewayMethod := 4; LongEW ¢= '0';
MaxDirWindCurrent := -1,8; MinDirWindCurrent := ~1.8;

MaxDivergence := @; MaxHoursDrift := @; MinHoursDrift := 0;

MaxLeeBrg := 8.0; MinLeeBrg := 0.8; MaxLeeDistance := ©.0;
MirLeeDistance 1= 0,08; MaxLeeSpeed := 8.0; MinlLeeSpeed := 0.9;
KaxSeaCurrDist := 8.8; MinSeaCurrDist := 8.8; MaxTideDistance := -1.0;
MinTideDistance 1= -1.8; MaxTotCurrDist := 0.8; NinTotCurrDist := 0.0;
MaxWindCurrDist := -1.8; MinWindCurrDist := ~1,8; N := 0;
ResultMagnitude := 8,8; SeaCurrSpeed := -1.0; SourceSeaCurr := 03
SurfindMagnitude := 0.8; SurfindSpeed := @,8; TotCurrSpeed := 0.0;

{initialize character sets}
Validfnswers := "Y', 'y' 'N','n']; No e= ['N',*n']; VYes := ['V','y'];

{initialize program arrays}
for I := 1 to 8 do for J := 1 to 2 do WindCoeffs(],J] := 8.0
for I :=1 to max do
begin

HoursWindEffect [1] := 0

VelocityComponent (1] := @.9;

for J :=1to 8 do

for K := 1 to 6 do WindsOverTimell,J,K] := .0

for J := | to 2 do PeriodVectors[l,J] := 0.9

end;

Warranty;
CLRSCR;
writeln{'Given the initial surface position coordinates (latitude ard');
writeln{'longitude) of an object on the ocean''s surface and starting’);
writeln('date/tive, this program calculates an updated surface position');
writeln(’ (Datum point} or search area for a specified (Datua) time. If');
writeln('the updated surface position coordinates are all ready known,');
writeln(*then enter N to the next question and proceed with other recovery');
writeln(*planning as outlined in the National Search and Rescue Manual.');
writelns{2);
writeln('P.5, Run this program TWICE if the number of hours of search');
writeln(‘object drift is uncertain. On the first run, enter data cnly');
writeln('for the SHORTER drift period (later drift start time). After!);
writeln(’the program calculates the Average Surface Wind and Wind Current');
writeln('vectors, record them, ABORT the program run, and CLEAR your');
writeln{'microcomputer'’s memory. Then rerun the entire program, making');
writeln('sure to enter data for the LONGER drift period (earlier drift®);
writeIn('start tisel. Enter the vectors you recorded above when asked’ )
writeln('by the program.');
writelns(4);
repeat {until valid response}
write('Do you wish to continue with this progras? (y/n) =} '");
readin(continue)
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1768 writein
1769 until (continue in ValidAnswers);

ime - -
1m if (continue in Yes) then

17 begin {program run}

1773 continue ¢= '@ {re-initialize}

1774 CLRSCR;
1715 SurfacePosition; S
1776 CLRSCRg o
mn ‘
1778 writeln('This program includes wind current calculations to determine’);

1m writeln(’Datun, However, according to the National SAR Manual, wind’);

1769 writeln('currents are usually ignored in coastal, lake, river, and")

1781 writeln('harbor areas due to the many variable effects from the water-');

1762 writeln(’land interface. This progras is based on the assusption of'); -
1783 writeln('open-sea search where land wasses do not interfere with the');

1784 writeln("action of the wind on the water or on the currents generated');

1785 writeln('by them. A rule of thumb is to calculate wind currents when');

1766 writeln('water depths are greater than 100 feet (32 meters) and at');

1787 writeln{'distances of 20 miles (32 kilometers) or greater from shore.?}; -
1788 writeln(*Wind currents are not usually used inside these limits'); "
1789 writeln('except where local knowledge makes it possible to estimate'ls

179 writeln(‘one. This is especially true where, close to shore, the )3

1791 writeln{'water''s depth increases rapidly.?);

17192 writelns(8); o
1793 repeat {until valid response} -
17% write!'Do you wish to continue with this prograa? (y/n) =) '); -
1795 readln(continue) ; T
179 writein
1797 until {continue in ValidAnswers);

1798

1793 if (continue in Yes) then .
1800 begin {Ocean Current calculations} e
1881 CLRSCR;

1882

1803 writeln('Please enter the nusber of hours elapsed (to the NEAREST');

1604 weiteln('HOUR) from the last known surface position (LKP) time to’);

1885 writeln{'the desired Datum tive.’}; '

1806 writelns(2);

1687 writeln(*If the nusber of hours of search object drift is uncertain,'); B
1828 writeln(’you must run this program twice {(as sentioned earlier). 0On');

1899 writeln('the first run enter here the SHORTER number of hours of');

1810 writeln('search object drift, On the second run, or if two runs are'l;

1811 writeln('not applicable, enter here the difference between the Datum’);

1812 writeln('and LKP times as requested above:'); -
1813 repeat {until valid HoursElapsed response} '
1814 write(*ELAPSED HOURS =) *);

1815 readin(HoursElapsed) 3

1816 writeln

1817 until HoursElapsed } &; -
1818 -
1819 WindPeriods; -
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end
end.

m—r— maamae o —

PeriodTises;
InputSeaNinds;
WindLatCoeffs;
WRirdCurrent ;
fvpSurfacedind;
LeewayDrift;
SeaCurrent ;
Datun;
WriteToDisk;

CLRSCR

writeln;

writeln('R record of significant input and output data used during this')y
writeln('prograa run is stored in an external file named "SEADATA".');
writeln(’If you desire to keep this record permarently, please rename');
writeln('file SEADATA before running this program again'')

end  {Ocean Current calculations}
{progran run}
{nain program}
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- Surface Drift Determination Program (R of 3)
' Variable & Operator Cross-Reference Listing
Variable Progran Line Nusber
AddVectors 729 849 672 934 1273 1324

AvgSurfaceNind 914 1824

AvaNindFrom 118 739 a3 A TAT AR TSt TR 753 650
873 93 1275 13%
'i_ AvgHindTo 9 7R 73 9%
. BroRads B30 B43 844 045 B66 867 868 917 927 928

929 1228 oAl 1242 1243 1244 1245 1246 1251 1232
1253 1260 1261 1262 1266 1267 1268 1286 1287 1288
1293 1294 1295 1381 1382 133 1312 1313 1314 1318

1319 1329
cont inue 97 8a3 951 133 1349 1397 1713 1767 1769 1M
1773 1735 1797 1799
count 200 203 24 207 207
DateTine 214 225 231 235 235 M2 o6 46 o
Datus 1226 1827
DatusDateTime 120 383 384 387 1713
DatusMonth 101 365 366 366 369 369 1713
DatumYear 12 I 1713
Days 183 ASS 456 AST A58 4SO 468 461 462 463
MA A6S 466 467 438 535 558 1714
DaysIndonth M1 497 53 555
DegreesLat 104 331 655 773 781 882 1714
DirSeaCurrent 121 1145 1146 1146 1241 1286 1485 1486 1487 1488 .
1489 1714 .
DirSurfiind 122 93 0 1591 1592 1593 1594 1595 1715 ;

DirTidalCurrent 123 1203 1204 1204 1207 1266 1318 1666 1667 1668 ol
1669 1679 1715 U




DirTotalCurrent

DmaxDir
DeaxDistance
DeinDir
DminDistance
DriftDirUncertain
HoursElapsed
HoursResaining

HoursWindEf fect

InputSeairis

J

K
LastDateTine

LastDay

124
1585

125

127

126

128

939

1e7

N

164

185

551
569

m
818
845

1445
1437
1581
1739

59

185
57
586
601
675
842
1427
1741

15

1185
512

125

1276

1326

1327

1128

417

417

406
1439

479
552
510
621
649
789
818
848
96
1418
1437
1582
1781

1821

479
Se8
589
601
Tod
843
1428
1742

1781

1186
1513

133t

1333

1338

133

938

418

408
1582

1429
17482

1741

129 386 307

108 3@ 31

1186 1189 1239
1514 1515 1516

1695 169 1697
{701 1716
1698 1691 169

17 1717

1717 1815 1817
423 426 4%

410 412 414
1738

A6 546 549

5712 612 615
626 627 628

835 84 8
851 @52 8%

1425 1426 1427
1441 1441 1339
1584 1585 1586

513 S17 s
536 567 569
S99 592 593
€87 607 637
829 839 84
845 1407 1422
1430 1431 1432

309 1566 1567

ABS 498 S

1251
1715

1698

1693

438

417

49
59
615

€61
798

%7
1428
1576
1735

569
59

84t

1424
1433

1569

1718

1282

1699

1694

S78
5995

841

1424
1735

17

1301

1716

1716

ZEREEERIRY

g3

525
S7e
5%
640
84
1425
1735

1411

ase

551
569
619

66
8a1
844
867
1487
1433
1580
1738

57
o981
602
640
842
1426
1740




......

LastDegree 1540 1548 1549 1551 1551 552 1557 1558 1539 1559
1560

LastHour 109 311 485 405 486 407 407 408 489 409
410 41 M1 412 M3 MA 4B 487 48T 489
489 491 491 A4 A9 1718

LastlatitudeKnown 130 326 327 327 338 330 331 1548 1549 1718

LastlongitudeKnown 131 345 346 346 349 349 1557 1558 1719

LastMinute 1541 1549 1553 1553 1554 1538 1561 1561 1562
LastMonth 10 281 282 282 285 285 497 53 5% 555
1567 1569 1719
LastYear U1 290 M9 1567 1569 1719
Laths %W 37 319 33 39 U9 0 0 N 3
65 777 TI9 783 1555 1729
LeapYearCheck 443 450 451
LeewayBry 12 935 971 972 973 9IS 9% 977 1075 1123
1728
e LeewayDrift 1064 1625
LeewayMethod 112 1043 1044 1044 1047 1081 1128 1306 1662 1519
163 1728
lines 198 28
LongEW 9 3 3 W W W P W W W
1563 1720
nax W 164 171 188 193 173
MaxDirdindCurrent 133 857 673 886 1244 1448 1M9 1450 1451 1SR o
1721 .
MaxDivergence 13 9%8 %9 %I 9 92 Y3 95 6 9N e
. 1640 1722 -]
i
MasHoursDrift 114 9% 93 9% 1071 1072 1076 1677 109 1097 1
125 1157 11% 1685 1623 1643 1722
NasLeeBrg 135 976 977 1875 1123 1260 1609 168 1611 1612 ol
1613 1614 1627 1628 1629 1630 1631 1650 1651 1652 R
1653 1654 1723 ‘

MaxieeDistance 137 997 1077 1125 1261 1262 1616 1633 1656 1723




MaxLeeSpeed 139 985 986 996 iee4 1065 1077 1185 1186 1125
1697 1624 1642 1724

| MaxSeaCurrDist 141 1157 1242 1243 1495 1500 175
MaxTideDistance 143 1211 1212 1264 1267 1268 1663 1675 1725
I MaxTotCurrDist 145 119 1252 1253 1522 1527 1688 1726
MaxWindCurrDist 147 858 674 883 689 BA7 1245 1246 1457 1462
1727
MinDirdindCurrent 134 B899 920 909 902 1291 1293 1721
. NinHoursDri ft 115 1088 1089 1124 1155 1156 1195 1195 1454 1492
1519 1622 1722
MinLeebrg 135 972 973 1312 1645 1646 1647 1648 1649 1723
MinLeeDistance 133 99 997 1076 11246 1313 1316 1615 1632 1655
» 1724
MinLeeSpeed 140 1856 1057 1076 1128 1121 1126 1686 1724
. MinSeaCurrDist 142 1156 1284 1287 1288 1493 1725
-
g (o NinTideDistance 14 1216 1217 1316 1319 138 1671 1674 1726
- NinTotCurrDist 146 1195 1302 1303 15%6 1726
5 NirdindCurrDist 168 905 905 1294 1295 1461 1727
o MonthBefore AB® SR 533 S
N 106 MG 422 422 425 A3 SM 572 610 642
835 855 864 9% 1MS5 1576 1727
, No 155 6% 172
PeriodTimes ATT 1820
PeriodVectors 193 858 651 852 852 657 658 866 G867 668 . "
. 1037 1037 14M 1441 17R2 ]
» radians 95 736 843 866 927 1241 1284 1251 1260 1266 ]
1286 1293 1301 1312 1318 )
. ‘1
5 RecordCurrents 1485 1661 9
‘.' flesultMagnitude 149 757 851 874 937 1276 1327 1728 '
: SeaCurrSpeed 150 1151 1152 1156 1157 1491 1728 ) ]
")
LY
D-76
]
)
4
A
A
.




-~ LR bl At i ettt M M R i S et i e e e I RN A S S i S s e Ui S - S e e

Sealurrent 1136 1826

i SeaDat 159 1417 1418 1419 1420 1424 1425 1426 1427 1428
1429 1430 1431 1432 1433 1435 1436 1437 1438 1439
1440 1441 1442 1443 1444 1447 1449 1451 1432 1456
1457 1461 1462 (465 1466 1467 1468 1472 1473 1475
1476 1478 1479 1482 1484 1486 1488 1489 1493 1491
. 1494 1495 1499 1500 1507 15¢8 1589 1510 1511 1513
I {515 1516 1517 1518 1521 1522 1526 1527 1544 13545
1550 1531 1552 1533 1354 {1555 1555 1559 1568 1561
{562 1563 1363 1567 1569 1570 1571 1574 1575 1578
1579 1588 1581 1582 1583 (584 1585 1586 1389 1598
1592 1594 1395 1596 1597 1598 1600 1601 1684 1605
1686 1607 1668 1689 1611 1613 1614 1615 1616 (621
ol 1622 1623 1624 1625 1626 1628 1630 163t 1632 1633
1638 1639 1640 1641 1642 1643 1644 1646 1648 1649
1651 1653 1654 1635 1656 1659 1660 1665 1667 1669
1670 1673 1674 1675 1679 1680 1685 1686 1687 1688
1689 1691 1693 1694 1696 1698 1693 1700 1701 1783
1784 1785 1706

»

SourceSeaCurr 116 1172 1173 1173 1470 1475 1476 1477 1479 1481

1728

SurfiindMagnitude 15t 937 938 1729
gl o SurfindSpeed 152 938 941 15% 1729

SurfaceDrift 9%

SurfacePosition 6 1775
off Tewp 216 235 23 246 247 267 M9 30 31 37

TeapAngle T34 736 T Te2 TA3 M4 TAE TAT  TA8

TenpDate 217 225 226 26 26 5%
D TeapHour 218 23% 237 231 25 257 )

TewpMinutes 219 247 248 257 o

. TempMonth ML M7 451 A5
' "
> TeapX 1229 1257 1308 o
" TempY 1230 1257 1308 5
o <
S TeapYearDiv Mh M9 450 4SO e
» - TotCurrSpeed 153 1192 1193 195 11% 1565 1517 1729 ]
_r - Y
R
A0 D-77 ;
- -
D
1
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)
ValidAnswers 157 6 719 1732 1769 1797
no VelocityCouponent 171 96 528 929 1586 1739
- VerifyDT6 214 307 384
: VerifyWinds 672 896
P Warranty 1387 1745
WindChart €650 682 712
WindCheck 64 679 688 69 £ 717 719
WindCoeffs IT7 661 662 705 706 707 708 TH 75 IB
799 820 601 818 B4 842 1430 1831 1735
WindCurrent 827 1823
WindErvror 676 679 €97 693 699 701 75 706 707 708
; WindLatCoeffs 768 1822
Y NindPeriods 398 1819
.
WindsOverTise 188 485 486 483 A90 4% 500 SO1 SRS 56
(o 513 517 517 S 5 55 57 57 58 5B
[ ' 53 549 549 550 S50 551 551 55 S5 S8
- 558 559 559 562 564 569 569 578 570 69
- 599 591 592 593 S 595 5% 609 601 601
L 605 697 697 617 618 619 620 621 6R 6B
-, 627 628 63 634 635 639 639 640 640 Al
ol BAL BA2 842 OA3 BM4  B4S 926 927 1424 1425
g 1426 1427 1428 1429 1432 1433 1578 1579 1560 1581
- 1583 1584 1585 1741
- weitelns 198 293 298 313 351 S84 T TR TS 805
Jo 884 888 932 942 949 1008 1045 1108 1139 1175
\ 1198 1271 1274 1325 1334 1338 1339 1746 1754 1764
177 1775 1792 1801 1826 1830 ,
E WriteToDisk 1537 1628
E. Xcomponent 729 7% T T40 M S TS 757 T3 83 1
837 844 844 849 863 BT 867 872 918 92 )
[ 98 928 934 1231 1237 1242 1245 1245 1252 1257 :
i 1261 1261 1267 1273 1260 1267 1294 1294 13 1308 -
. 1313 1313 1319 1319 1324

e AR

\ . e
PR . , A
el K g
L P ST Or GV BT R vX G




pr— e e e e e e e e e e e e e T S—— A ae e aa an a0 o o,

Ycosponent 729 736 739 T4 T4l TAS TS TS 768 8RR
~ 837 045 845 849 6863 BE8 BE8 B2 919 92
929 929 934 1232 1237 1243 1246 1246 1233 1257
1062 1262 1268 1273 1280 1288 1895 1295 1383 1383
1314 1314 1320 1320 1324

Yes 15 173 1771 1719
ator Program Line Nusber

s arctan 1%

assign 1544
K“ char 99 157 674 1349

close 1706
! os BAS 868 929 1243 1246 1253 1262 1268 1288 1295
Lr 1383 1314 1320 -
®
{ input ®

integer 116 164 198 200 480 441 480 581 652 675

676 TI0 829 916 1407 1539
output b
read 788

readln 231 242 253 o81 290 3B 317 6 2 U5
35 373 383 680 685 66 63 688 697 N7
79 799 833 899 05 951 968 985 992 1043
1056 1864 1071 188 1876 1185 (120 1145 {151 (17
1185 1192 1203 1211 1216 1336 1397 1767 1795 1815

real 183 171 177 188 193 214 219 267 44 79
131 83 919 1232 1541

rewrite 1545

round 311 406 408 410 412 Al4 1S9 1558

sin 844 867 928 1242 1245 1252 1261 1267 1287 12%




1625 1628 1630 1631 {633 1638 1640 1642 1643 1631

1653 1654 169 1660 1667 1669 1670 1675 1680 1686

1687 16883 1696 1698 1699 1781 1704 1785 1747 1748 -
1749 1758 179! 1752 1753 1755 17% 1757 1758 1733

1768 1761 1762 1763 1768 1778 1779 1788 17681 1782

1783 1784 1785 1786 1787 1788 1789 1Y@ 1791 17%

1803 1604 1805 1887 1828 1829 1810 1811 1812 1816

1831 1832 1833 1834 1835

8  SEANSIEN-~HENRAS

130 Variables I Operators Used 2122 Occurrences

ot . P T S
CEPP W L P I TS IS TP St S Wi 3
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2001 (HHE R HHHHHHHHHH )

f] R %)
®03 ( SEARCH PLANNING SOFTWARE (PROBRAM #3 OF 3) )
04 (= 1)
025 (¢ TITLE: AREA.COM (Search frea Determination Algorithe) #)
0006 (& VERSIDN: 1.0 for CP/M Operating System #)
2007 (¢ DATE WRITTEN: August 1984 )
[ | 0008  (# ]
9283 (¢ DESCRIPTION: #)
218 (¥ - User asked for search object's last known position #)
Wil (2 latitude and longitude )
@12 (¥ -~ User asked to input search object's aerospace (if #)
. o013 (& applicable) and surface drift vectors, previously- #)
[ ests  (# calculated in Search Planning Software Programs #1 )
015 (= and 82 #)
@16 (¢ - User asked to input confidence factors, navigational #)
w7 (s fix and dead-reckoning errors, and search number, as &
0018 (& prescribed in the National Search and Rescue Manual  #)
8019 (# - Program calculates search area radius, square ailes, #)
® e (& and the latitudes and longitudes of the center and )
‘ 21 (& four corner points. Then it creates an "audit trail®/ #
0322 (= record file of program input, significant )
om23 (& calculations, and output, nawed “ARERDATA" %)
024 (= )
0025 (& {ICENSE: COPYRIGHT 1984 D. RICK DOUGLAS #)

& o 002 %
, 0027 (& The author makes no express or implied warranty of any #)
’ @28 (& kind with regard to this program material, including, but &
- 8829 (# not limited to, the implied warranty of fitness for a #)
- 2830 (# particular purpose. The author shall not be liable for #
. 831 (¢ incidental or consequential damages in connection with or #)
H 0332 (# arising out of furnishing, use, or performarce of this #)
: 833 (¢ progras. The reader MUST HAVE a solid understanding of #)
[' 9034 (# search and rescue methodology before using this software #

®35 (¢ in making decisions where human life is at risk. In fact, #
L #2036 (& since no amount of testing can uncover 189% of program )}

8037 (¢ errors, this program is reccmmended for training use only. #)
0338 (# Prior attendance at the United States Coast Buard's 1)
0039 (¢ National SAR School is highly-encouraged. # 3
0240 (& )
004 (s THIS SOFTWARE MAY BE FREELY-DISTRIBUTED #) ,
. 0042 (# PROVIDED NO FEE IS CHARGED AND #)
. W3 (s THIS COPYRIGHT NOTICE IS RETAINED. )
TV 1) |
#8045 (¢ LANGUAGE: PRSCAL t) o
@46 (¢ USED  : Borland International, TURBD.PRS, Version 2.0  #)
8047 (¢ *) AR
. , 9048 (¢ KODULES CALLED (Sequentially listed); (OPT) = *Optional®: #) ;
b 049 (2 )
g - R (+ Position #) .
L:-'_ €51 (¢ AeroSurfVectors £)
- .
- D-82
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T

o
.4
252 (# freaSearch 8
953 (# FindCoordinates #) o
@254 (# NewCoordimates (Rerospace Drift Vector Position; OPT)  #) -—
80355 (% NewCoordinates (Dmax Surface Drift Positicn) #) 9
8956 (# NewCoordinates (Dmin Surface Drift Position) ]
e #0357 (¢ NewCoordinates (Search Area Center Point) %) e
- 858 (¢ FindXYsToCorner ) SR
- 8059 (¢ NewCoordinates (Upper Right Corner Position) #) R
@68 (# NewCoordinates (Lower Left Corner Position) # -
8061 (# WriteToDisk #)
0E2 (% )
€263 (BEEERHEEHHHHHHHHH )
@264
0055
2066
2867 program Searchfrealinput,output);
9068
2283  const radians = 57.2957795; {Standard radian conversion factor}
27
€071  var LatNs, {Indicates whether latitude is North or South)
a3 LongEW : char; {Indicates whether longitude is East or West)
2073
2074 SearchNumber : integer; {Indicates which search is being calculated)
Q7%
76 fercConfidence, {Rerospace vector drift error confidence factor}
een fRercDri ftDistance, {Total aerospace drift vector distance}
o 8078 fiercError, {fRerospace vector drift error)
73 DatuxLatitude, {Latitude of search area center point}
2260 Datunalongitude, {Longitude of cearch area center point}
@281 DirPeroDrift, {Total aerospace drift vector direction}
ees2 DistBetween, {Distance between coxputed surface drift vectors}
o283 DraxDir, {Maximum combined surface drift direction}
284 DminDir, {Minisum coabired surface drift direction}
) 0283 DmaxDistance, {Faximum combined surface drift distance} .
L #2865 DwinDistance, {Minimum combined surface drift distance} -]
% ega7 Duaxtatitude, {Latituce of Dmax position} M
¢288 Dmiriatituda, {Latitude of Dmin position} B
@089 DeaxLongitude, {Longitude of Deax position} '
fese Dmirlongitude, {longitude of Dmin position}
. et DRerrorSearcher, {Search craft navigational fix error} T
. 2292 FixErrorSearcher, {Search craft dead-reckoning error} R
2293 LastLat itude¥nown, {Last known latitude of aerospace object} . AR
. 2294 Lastlongitudaknown, {Last known longitude of aercspace object} SO
2295 LatRerodrift, {Latitude of original position + Rerospace vector} ]
2% LatLarLeftCorner, {Latitude of search area's lower left corner} -
ees? LatLwrRtCorner, {Latitude of search area’s lower right corner} R
2238 LatUprLeftCorner, {Latitude of search area's upper left corner} e
T 0293 LatUprRtCorner, {Latitude of search area's upper right corner} T
- e1ee LongReroDrift, {Longitude of original position + Rerospace vector) :;3;{
2101 LongLwrLeftCorner, {Longitude of search area’s lower left corner} R
- o1ee LongLwrRtCorrer, {Longitude of search area’s lower right corner} ]
o 2103 LongUprLeftCorner, {Longitude of search area's upper left corner} O
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[ 2184 LongUprRtLaornen, {Longitude of search area’s upper right corner}
] gies ¥auSurfaceError, {Maxinuym surface vector drift error) -
r‘ 0106 NinSurfaceError, {Mininum surface vector drift error} -
: 817 Newlatitude, {8um of previous latitucde + displacement vector} :
oiea NewLongitude, {Sun of previous longitude + displacement vector}
¢ e1e9 ObjectDRerror, {Search object dead-reckoning cetermination errvor}
sl10 ObjectfixError, {Search object navigational fix determination error}
B o111 PreviousDriftErrs, {Sum of previously-computed drift errors}
k a2 ArealfSearch, {Total search area in nautical miles*2} o
2113 SearchRadius, {TotProbablekrr ¥ SearchNumber (Safety Factor)}
. 8114 SurfaceMiniMax, {Surface drift error minimax distance}
t 2115 SurfCorfidence, {Surface vector drift error confidence fartor}
1 8116 TotaldriftError, {Sum of aerospace and surface drift errors}
» e117 TotGbjectErr, {Search object navigational fix + DR error}
- 8118 TotProbablekrr, {Total probable search area error}
. 8119 TotSearcherErr : real; {Search craft mavigational fix + DR error}
2120
012! freaDat : text; {External record file of program input/output data}
e1z2 :
2123 {HHE P HHPHI B H B H B H T B H ) :

@124 {Writes out a specified number of blank lines; can be used to clear screen. }

9125 -

@126 procedure writelns (lines : integer); .

0127 .

2128 var count : integer; -

B 8129 :

(@ 0130  begin T

213t count := 8}

AR while lines ) count do

0133 begin

8134 writeln; et

8135 count := count + § R

0%  end T

@137 end;

8138

2139 (HRFHEHEHHHHHHHHH H R HH )

2140 {Queries user for last known position latitude and longitude. } .

2144

8142 procedure Position;

0143

8144 begin {Position}

8145

. 8146 writelns(24);

8147 repeat {until valid latitude}

0148 writeln{’das search object’’s last known latitude north or south?');

8149 write(! (Enter N or §) Answer=) ');

8150 readln(LatNS);

8151 writeln

8152 until (LatNS = 'N*) or (LaiNS = 'n') or (LatNS = '8') or (LatNS = 's');
9153 if (LatNS = 'N') or (LatNS = 'n') then LatNS := 'N' else LatNS := *&';
«< 0154
s s repeat (until valid latitude)
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2156 writeln{'Please enter the search object''s last known latitude ');
é . 0157 writeln(’ (For example: 25-Degrees 45-Minutes 13-Seconds = 23.4513)')}
' 8158 write("LATITUDE =} ), -
! 0153 readIn{Lastlatitudeknown) §
- 0162 if (LastLatitudeKnown ( @) or (LastLatitudeKnown } 98) then
- 8161 writeln('Input latitude must be between 8-92. Try again!’);
- - 8162 writeln
& 8163 until (LastlatitudeKnown )= @) and (LastlatitudeKnown (= 99); S
0164 -
0165 repeat {until valid longitude}
8166 writeln('Was search object!'s last known longitude east or west?');
8167 write(’ (Enter E or W) fnswer=} )3
0168 readIn(LongEW) ;
9169 writeln
o172 until {LongEW = 'E') or (LongEW = 'e') or (LongEW = 'N') or (LongEN = 'w');
0171 if (LongEW = 'E') or (LongEW = 'e') then LonpEW := 'E) else LongEW := "W';
o1
8173 repeat {until valid longitude}
174 writeln('Please enter the search object''s last known longitude ');
17 writeln(! (For example: 168-Degrees 45-Minutes 13-Seconds = 168.4513));
o176 write ('LONGITUDE =) ');
o177 readln(LastLongitudeknown) §
0178 if (LastlongitudeKnown ( @) or {(LastlongitudeKnown )} 180) then
0179 writeln(*Input longitude must be between €-180. Try again!®);
0182 writeln
0181 until (LastLongitudeKnown }= @) ard (LastlLongitudelnown (= 189) T
(® o182 -
2183 end; {(Position}
9184
0185  (#EEEE I IR HEHIH T H )
0185 {(Queries user for previously-calculated Rerospace and (Max & Min) Surface }
8187 {Drift vectors. } S
o188 e
9183 procedure ReroSurfVectors;
019
0191 var aerodrift : char; {Indicates if aerospace drift vector used in problem}
819
9193 begin {RerocSurfVectors}
8194
1% writelns(24); N
01% repeat .
8197 writeln('Did you previously calculate an aerospace drift vector ') ,
. 8138 write('for this probles? (y/nit '}
8199 readin(aerodrift)
20 until (aerodrift = 'Y') or (aerodrift ='y') or
=) (aerodrift = 'N') or (aerodrift = *n');
0202 writeln;
0293 SN
8284  (Start of calculations to find Rerospace Drift Error) Sty
2205 if (aerodrift = 'Y?) or {aerodrift = 'y'} then S
- 2% begin {Aerospace drift vector previously-calculated}
: 2

D-85

- AN A T e
I A A A R A S s




i 0289
{ 210
= 11

eete
@213
8214
815
2216
e217
Q218
219

8221

g4
9225

0228

2230
31
%
8233
8234
2235
%36
2237
8238
2239
2242
Q241
g242
0243
244
€245
@246
0247
2248
0249

writeln('Please enter the previously-calculated,');
repeat {until valid response}
write (" TOTAL REROSPACE DRIFT DIRECTION =) ')}
readIn(Dirferolrift)
until (DirferoDrift )= 8) and (Dirferolrift (= 368);
writeln;

writeln{'Please enter the previously-calculated'};
write(*TOTAL REROSPACE DRIFT DISTANCE =) ');
readin(feroDriftDistance)

writeln;

write('Refer to the "Individual Drift Error” ');
writeln(®*section in the National SAR');
write('Manual (approximately page 8-27). ')
writeln('Please enter the desired’);
write(*Aerospace Drift Error Confidence Factor ');
writeln(' (e.q, 0.125; 0.3, etc.):');

repeat {until @{Perolonfidence(1 }
write (YAEROSPACE DRIFT ERROR CONFIDENCE FACTOR =) ');
readln(ReroConfidence)
until (ReroConfidence ) @) and (Rerolonfidence ( 1);
writeln;

fleroError := ReroDriftDistance # ReroConfidence
end; {Rerospace drift vector previously-talculated}

{End of calculations to find Rerospace Drift Error}

writelns(24);

writeln(’Please enter the sum of previous drift errors’);
writeln(’ (Enter a zero if not applicable):');

srite(’SUM OF DRIFT ERRORS =) ')
readIn(PreviousDriftErrs)

writeln;

writeln(’Please enter the previously-calculated,'};
repeat {until valid response}
write ("MINIMUM TOTAL SURFACE DRIFT DIRECTION =) ?);
readln{DainDir)
until (DminDir }= @) and (DwinDir (= 368)
writeln;

writeln('Please enter the previously-calculated,’);
write ("MINIMUM TOTAL SURFACE DRIFT DISTANCE =) ')
readln(DminDistance) §

writeln;

writeln('Please enter the previously-calculated,?);
repeat {until valid response}
write('FAXIMUM TOTRL SURFRCE DRIFT DIRECTION =} *);
readln(DmaxDir)
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e271
g
0273
8274
®n
8276
g7
0278
219
()
8261
g282
2283
8284
€285
2286
eea?
288
2289

8291

@293

@10
e311

until (DmaxDir )= @) and (DmaxDir (= 360);
writeln;

writeln('Please enter the previously-calculated,'});
write ("MAXIMUM TOTAL SURFACE DRIFT DISTANCE =) *);
readln(DmaxDistance) ;

writeln;

writeln('Please enter the peasured distance between the two, previously-*);
writeln('calculated, Total Surface Drift Distance positions:');
write("DISTANCE BETWEEN SURFACE DRIFT POSITIONS =) ');
readln(DistBetween)
writeln

end; {ReroSurfVectors}

{EHH A A T H )
{When given X ¢ Ycomponents and a reference latitude/longitude by the calling}
{procedures FirdCoordinates and FindXYsTolorner, this procedure calculates }
{the updated position's latitude/longitude. }

procedure NewCoordinates(var Xcomporent, Ycomponent : real
Templatitude, TemplLongitude : real);

var Decimallatitude, {Latitude corverted from Deg-Min-Sec to decimal}
Decimallongitude, {Longitude converted from Deg-Min-Sec to decimal}

Teup, {Interin tern used in calculations}

TeupDegree, {Interim tern for position in degrees only}
TeupDeron, {Interin tern for denominator}

TempMin, {Interim term for position in minutes only}
TeuwpMinSec, {Interim term for position minutes and seconds}

TenpSec ¢ real; {Interim term for position in seconds only}

begin {NewCoordinates}
{initialize variables}
Temp := 0.8; TempDegree := 0.8; TempDenow := 8.0; TempMin := 0,0;
TempMinSec := 0.0; TempSec := @.0;

{Convert X & Ycomporent sign values if LatNS = N or LongEW = W}
if LatNS = 'N* then Xcorponent := Xcomwponent # -1,8;

{Convert passed latitude to decimal}

TempDegree := trunc(Teuplatitude) ;

TempMinSec := Temptatitude - TempDegree;
DecimalLatitude 1= TempDegree + TempMinSec # (1 + 2/3);

{Combine passed, decimal latitude and vector to find rew, decimal latitude}
Yeoaporent := Yromponent / 60;
TempLatitude := DecimallLatitude + Ycomponent;

{Convert rew, decisal latitude to degrees-minutes-seconds}

TempDegree := trunc(TempLatitude);
TempMinSec t= TempLatitude - TempDegree;
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a1 Temp := TempMinSec # 68;

8313 TeapMin = trunc(Tesp);

0314 TeapSec := (Tewp - TempMin) # 68;

2315 NewlLatitude := TempDegree + TempMin/1@9 + TempSec/10080;
8316

2317 {Convert passed longitude to decimal}

0318 TeapDegree := trunc(Tesplongitude) ;

8319 TempMinSec := Templongitude - TempDegree;

30 DecimalLongitude := TempDegree + TempMinSec # (1 + 2/3);
9321

2522 {Combine decimal-latitude with vector to find new, decimal longitude}
Qza3 Terplenon := cos(Tewplatitude / radians) # 68;

8324 Templongitude := Xcomponent / TempDenom + DecimalLongitude;
0325

3% {Convert new, decimal longitude to degrees-minutes-seconds)
8327 TerpDegree := trunc(Tewplongitude);

L 8328 TempMinSec- := Templongitude - TempDegree;

i 0329 Temp := TempMinSec # 603

5 2330 Tewptin := trunc(Tenp):

3 2331 TempSec := (Temp - TempMin) # 60;

3% Newmlongitude 3= TempDegree + TempMin/100 + TeuwpSec/10900

933 end; {NewCoordirates}

0336 (HHHHEHHHHHMHHHHH R )
9337 ({Finds the X & Ycomponents of the search-area-center—point-displacesent- }

(® @338 {vectors created by the calling procedure, FindCoordinates. Then, it passes )}
@339 {these components to procedure NewCoordinates for it to determine search area}
9340 {corner point latitudes/longitudes, }
8341
8342 procedure FindXYsToCorner(var Vectorl, Vector2 : integer);
343
0344  var BrgRads, {Individual compass headings converted to radians}
0345 Xcomponent, {Horizontal coxponent of individual vectors}
0346 Yoomporent ¢ real; {(Vertical comporent of individual vectors)
0347

0348 begin {FindXYsToCorrer}

8349 BrgRads := Vector! / radians;

435 Xcomponent := sin(BrgRads) # SearchRadius;
2331 Ycouponent := cos(BrgRads) # SearchRadius;
8332 BrgRads := Vector2 / radiars;

0353 Xcomponent := Xcomponent + sin{BrgRads) # SearchRadius; . R 1
. @354 Ycomporent := Ycomponent + cos(BrgRads) ¢ SearchRadius; o
0355 NewCoordinates (Xcomponent, Ycomponent, DatuslLatitude, DatumLongitude) 3
8356 N
8357 end; {FindXYsToCorner} -
0359  (HHHFHHHH ) e
8369 {Calculates X & Ycomponents of aerospace and surface drift vectors and sends } R
9361 {them to procedure NewCoordinates for it to determine the search area center } Y
- @352 {point latitude/longitude. Next, this procedure creates two vectors (1 & 2),}

8363 (99-degrees apart, and of length equal to the search area's radius. It sends)
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2364  {these two vectors to procedure FindXYsToCorner for it to calculate the }
] . 2385 {vectors' X & Ycompoments enroute to procedure NewCoordinates, which finds )
g : 9366 {the corner point latitudes/longitudes.
> 2367
A 2368 procedure FindCoordinates;
0369
S 837 var Vectorl, {Used to find get to search area corner points}
- amn Vector? ¢ integer; {Used to find get to search area corner points}
. e BrgRads, {Individual compass headings converted to radians}
‘ 0373 TempX, {Xcomponent used for interim calculations only}
3% TenpY, {Ycomporent used for interis calculations only}
375 Xcomponent, {Horizontal component of indivigual vectors)
037 Yeomporent ¢ real} {Vertical comporent of individual vectors}
. e3rr
G 0378 begin {FindCoordinates}
' 37 TewpX := 8,8; TempY := 0.8; {initialize variables}
2380 .

) @38t if AevoDriftDistance } @ then
‘-_ 2382 begin {Find updated coordinates of Rerospace Drift Vector displacement}

a3 BrgRads := DirferoDrift / radians;

2384 Xcomponent := sin{BrgRads) # ReroDriftDistance;

8385 Ycomponent := cos(BrgRads) # feroDriftDistance;

2386 TempX = Xcomponent; TempY := Ycomponent; {Used below}

2387 NewCoordinates {Xcomponent, Yeonponent, LastLat itudelnown,

@388 LastLongitudeKnown) §

2389 LatReroDrift := NewlLatitude;

839¢ LongReroDrift := NewLongitude

2391 end; {Find updated coordinates of Aerospace Drift Vector displacement}
03%

0333 {Find updated coordinates of Maximum Surface Drift Vector displacement)
3% BrgRads := DwaxDir / radians;

3% Xcouponent := TempX + sin(BrgRads) # DmaxDistance;

03% Ycomponent := TewpY + cos{BrgRads) # DwaxDistance;

8397 NewCoordinates (Xcomponent, Yeomponent, LastLat it udeKnown, LastLongi tudeXnown)
2398 DmaxLatitude := NewLatitude;

39 DmaxLongitude := NewlLongitudej

0401 {Find updated coordinates of Minimuz Surface Drift Vector displacement}

8402 BrgRads := DminDir / radians;

8483 Xcomponent := TempX + sin(BrgRads) # DminDistance;

Q424 Ycomporent := TempY + cos(BrgRads) # DminDistance;

8405 NewCoordinates ( Xcomponent, Yeomponent, LastLat i tudelinown, LastLongi tudelnown) 3 .

0406 Dminlatitude := Newatitude; i
0487 Dmirlongitude := Newlongitude; T
0468 o]

8409 {Find resultant X § Ycomponent of Aerospace and Surface Dmax and Duin vectors)
este BrgRads := DwaxDir / radians;

0411 Xcoaponent := TempX + siniBrgRads) # DmaxDistance;

8412 Yeomponent := TempY + cos(BrgRads) # DmaxDistance;

0413 BrgRads t= DminDir / radians;

0414 Xcomponent 3= Xcomponent 4+ sin(BrgRads) # DwinDistance;

0415 Ycomponent := Ycoaponent ¢ cos(BrgRads) # DminDistance;
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0416
0417
0418
8419
0420
8421
2422
9423
0424
8425
9426
0427
8428
8429
9430
8431
8432
2433
8434
0435
8436
0437
8438
8439
0440
0441
8442
8443
R4k
2445
8446
8447
8448
0449
8450
8451
@452
2453
Q454
L]
8456
- G457
0458
8459

8461
8463
@464
2465

8467

{Find search area center point latitude/longitude}

NewCoordinates (Xcomponent, Yoomponent, LastLat it udenown, LastLongitudeKnown) ;
Datualatitude := Newlatitude;

DatumLongitude := NewLongitude;

{Find search area cormer points using perpendicular vectors froa center point}
Vector!l := 3683 Vector2 := 898; {(Vectors to upper right corner}
FindXYsToCorner (Vectorl, Vector2) §

LatUprRtCorner := NewlLatitude;
LongUprRtCorner := Newlongitude;

Vectorl := 1803 Vector2 := 278; {(Vectors to lower left corner}
FindXYsToCorner (Vectorl, Vectord);

LatLurteftCorner 1= NewLatitude;

LongLwrLeftCorner := NewLongitude;

LatLwrRtCorrer i= LatLwrleftCorner; {Lower right correr coordinates}
LongtwrRtCorner := LongUprRtCorner;

LatUprLeftCorner := LatUprRtCorner; {Upper left corner coordinates}
LongliprieftCorner := LonglwrLeftCorner

end; {FindCoordinates}

(R H S H S )
{Given the search object’s aerospace and/or surface drift vector(s), this 1}
{procedure calculates the search area. }

procedure freaSearch;
var continue : char; {Pauses program until user continues it}
begin {AreaSearch}

{Start of calculations to find Surface Drift Error}
writein{'Refer to the "Individual Drift Error" section in the National SAR');
write('Manual (approxivately page 8-27). ')
writeln('Please enter the desired');
writeln(’Surface Drift Error Confidence Factor le.g, 0.125, 8,3, etc.):');

repeat {until @(SurfConfidence(i }
write(*SURFACE DRIFT ERROR CCNFIDENCE FACTOR =) ')
readln(SurfConfidence}
until (SurfConfidence ) @) and (SurfConfidence ( 1);
writeln;

KinSurfacetrror := DminDistance # SurfConfidence;
MaxSurfaceError := DumaxDistance # SurfConfidence;
SurfaceMiniMax := (MinSurfaceError + MaxSurfaceError + DistBetween +
PreviousDriftErrs) / 23
{End of calculations to find Surface Drift Error}
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TotalDriftError := flerofrror + SurfaceMiniMax;

writelns(24) ;

wreiteln('Refer to the "Initial Position Error® section in the National SAR');
write("Manual (approximately page 8-29). ');

writeln(*Please enter the search object''s');

writeln('Navigational Fix Error (e.g, 8, 5, 10, or 15 naut. wi. radiusi,’);
writeln(*and, if applicable, the Navigational Dead-Reckoning (DR} Error');
writeln(' (e.g, @, 5, 10, or 15 percent of DR distance in naut. mi.):');
write("SEARCH OBJECT NAVISATIONAL FIX ERROR =} ');

readin(ObjectFixError);

writeln;

write(*SEARCH OBJECT NAVIGATIONAL DR ERROR =) '3

reacln(0bjectDRerror) §

writeln;

Tox@bjectErr := ObjectFixError + ObjectDRerror;

writelns(24);

writeln(*Refer to the “Search Craft Error” section in the National SRR’);
write('Nanual (approximately page 8-29). ');

writeln('Please enter the search craft!'s');

writeln{'Navigational Fix Error {e.g, 0, 5, 19, or 15 naut. si. radius),’);
writeln('and, if applicable, the Navigational Dead-Reckoning (DR} Error');
writein(' (e.g, 8, 5, 18, or 15 percent of DR distance in naut. mi.):');
write("SERRCH CRAFT NAVIGATIONAL FIX ERROR =} ')
readIn(FixErrorSearcherl};

writeln;

write (' SEARCH CRAFT NAVIGATIONAL DR EROR =) ')

readin(DRerrorSearcher);

writeln;

TotSearcherfrr := FixErrorSearcher + [RerrorSearcher;

TotProbableErr := TotalDriftError # TotalDriftError;
TotProbableEre := TotProbablefrr + (TotObjectErr # TotObjectErr);
TotProbabletrr := TotProhableErr + (TotSearcherfrr # TotSearcherErr);
TotProbableErr := sgrt (TotProbablekrr);
writelns(24);
writeln('You are calculating the search area for:');
writeln; -
writeln( 1 The first search'); . )
writeln( 2 The second search')s i
weiteln(' 3 The third search?’); : '?
witein(’ 4 The fourth search’)y . e
writeln(? 5 The fifth search'); L
writeln;
repeat  {until valid response)

write(' Input SEARCH NUMBER =) ')y

readln(SearchNusber) "
unkil (SearchNumber ) ) and (SearchNumber ( 6)3 E—
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8521
@523
8524
@525

0527

€337

€545

8369
€570
5T}

if SearchNumber = 1 then SearchfRadius := TotProbableErr # 1.1

else if SearchNumber = 2 then SearchRadius := TotProbableErr # 1.6
else if SearchNumber = 3 then SearchRadius := TotProbableErr # 2.8
else if SearchNumber = 4 then SearchRadius := TotProbableErr & 2.3
else if SearchNumber = 5 then SearchRadius := TotProbableErr & 2,5;

if (SearchRadius ~ trunc(SearchRadius) ) ) @ then
SearchRadius := trunc(SearchRadius) + 1.0;
ArealfSearch := 4 # (SearchRadius # SearchRadius);

witeln;
writeln;
writeln("PRELIMINARY INFORMATION:')
writeln(? )3

writeln('Search Area Radius = !,SearchRadius:5:9,"
writeln('Search Area = ¥, firea0fSearch:5:0,'
writelns(3);

raut. mi.');
sg-naut.mi.’);

write('HIT RETURN (Once or twice, as necessary) TO CONTINUE');

readIn({continue);

writelns{24);

writelns({4);

wreiteln('Calculating . . . Please stand by')

ernd; {RreaSearch}

{HHE A )
{Prints out record of error adjustwents to calculations of search radius and }

{area.
procedure WriteToDisk;

begin {WriteToDisk}
assign(RreaDat, 'Areadata’ )

}

!);

rewrite (freaDat)

write(AreaDat,’

writeln{freaDat,’

write(RreaDat,'DRIFT CCORDINATES A H
writeln(AreaDat, ' LATITUDE LONSITUDE? ) §
write(fireaDat, 'Last Known Position :
write(AreaDat,LastLat itudeKnown:7:4," ')

writeln(AreaDat,LastLongitudeknown:7:4)

if PeroDriftDistance ) @ then

begin {Rerospace vector known}
write(AreaDat, 'Aerospace Drift Position :
write(AreaDat,LatferoDrift:7:4,* ')
writeln(fAreaDat,LongferoDrift;7:4)

end; {Rerospace vector known}

write (AreaDat,'Surface Dmin Position H
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. 572 write(Arealat,Dmintatitude:7:4," "
: 8573 writeln(RreaDat, DninLongitude:7:4) ;
h 574 write(RreaDat,'Surface Dmax Position : 3
&7 write(RAreaDat, DnaxLatitude:7:4," ')
- @576 writeln{freaDat,DmaxLongitude:7:4)
. sn writeln(AreaDat,’ ');
o es7e
& 8579 write(freaDat,’ )
h 0588 writeln(freaDat,’ 3 H

9581 writeln(AreaDat,*SERRCH ARER:)
8582 writeln{AreaDat,’ ');

@584 if RerolriftDistance ) @ then

begin {Rerospace vector known}
write(freaDat, 'Rerospace Drift Distance : )3
writeln(RreaDat, RerolriftDistance:5:2," naut. mi.?);

g W
228

2588 write(AreaDat,'Drift Error Confidence : B H
2589 writeln(RreaDat, Rerolonfidence:5:3)3
85% write(RreaDat, 'Rerospace Drift Error H ')
2591 writeln(freaDat, AeroError:3:2," naut, mi,');
85% write(freadat,’ ')
2393 writeln(AreaDat,? f)
859 end;  {Rerospace vector known}
@595
€5% write(RreaDat,'Sus of Previous Drift Errors : )3
0597 writeln(AreaDat,PreviousDriftErrs:5:2," naut. ®i.');
(5 25%8 write(RreaDat,'Surface Drift Distance : ¥, DuinDistance:5:2) 4
: 2593 writeln(freaDat,’ naut, mi. ',DmaxDistance:3:2,' naut, mi.');
8528 writeln(freaDat,'Drift Error Confidence H ', SurfConfidence:5:3) §
e681 write(RreaDat,'Drift Error Min and Fax : ¥ MinSurfaceError:3:2);
ecee writeln{freaDat,’ naut. mi. ' MaxSurfaceError:5:2,' naut, mi.');
0683 write(AreaDat,'Distance Between Dmin/max : ')
0604 writeln(freaDat,DistBetween:5:2,' naut. mi.')s
e6e5 write{AreaDat,?Surface Drift Error Minimax ')
8£%6 writeln(AreaDat, SurfaceMiniMax:5:2," naut. #i.');
2607 write{freaDat,* b H
9608 writeln(RreaDat,’ )3
0509
%10 write(RreaDat,’Total Drift Error : W H
est1 writeln(RreaDat, TotalDriftError:5:2,' naut. mi.');
%12 write(frealat,’ B H
%13 writeln(RreaDat,® )3
. 0614
8515 write(RreaDat,"Object Navigation Fix Error : )3
8516 writeln{Rrealat,ObjectFixError:5:0,’ naut. mi.'); )
8617 write({freaDat, '0bject Dead-Reckoning Error B H .
8618 writeln(fAreaDat,ObjectDRerror:5:2," naut, mi.'); R
819 write(RreaDat,'Object Total Position Error ')y AR
¢r20 writeln(frealat, TotObjectErr:5:2,’ naut. mi.'); RO
0621 write(freaDat,’ ST SRR
-~ 8622 writeln(RreaDat,’ Y)g Ny
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0e24

0627

2643

#c70
0671
267
€673
2674
675

o et 0
PP )

write(AreaDat, *Searcher Navigation Fix Error ¢ ')j
writelntfrealat,FixErrorSearcher:5:8," naut. mi,');
write(freaDat,* Searcher Dead-Reckoning Error : ")
writeln(frealat, DRerrorSearcher:5:2,! naut. mi.')j
write(AreaDat, ' Searcher Total Position Erver @ s
writeln (RreaDat, TotSearcherfrr:S:2,' naut. mi.');

write(AreaDat,’ ')
writeln(freaDat,' o H
write(freaDat,'Total Probable Error H )

writeln(freaDat, TotProbableErr:5:2," naut. wi.'};

if SearchNumber = 1 then
writeln{fireaDat, 'Safety Factor
else if SearchNumber = 2 then
writeln(freaDat, 'Safety Factor
else if SearchNumber = 3 then
writeln(AreaDat, 'Safety Factor
else if SearchNumber = 4 then
writeln(RreaDat,'Safety Factor
else if SearchNumber = 5 then
writeln(freaDat,*Safety Factor ! A H

1.1')

1.6%)

2. o’)

2.3

write(Arealat,’ ')
sriteln(AreaDat,’ o H
write (RreaDat,'Search Radius HERS H
writeln{Areabat, SearchRadius:5:8,' naut. mi.');

write (AreaDat,'Search Rrea R
writeln{RreaDat, AreaDfSearch:5:8,' naut. mi.-squared.’);

write(RreaDat,’ )3
writeln(fAreabat,’ )3
write(AreaDat, " SEARCH AREA COORDINATES: IR H
writeln(AreaDat, ' LATITUDE LONGITUDE' ) §

write(RreaDat,'Center Point

write(AreaDat, Datunlatitude:7:4," )
writeln(freaDat,Datuslongitude:7:4);
writeln(RreaDat,! ');

l);

write(fAreaDat, *Corner Point {(Usper Left) :
write(AreaDat,LatUprieftCorner:7:4,* )3
writeln{Rreaat,LongUprleftCorner:7:4)

write(AreaDat, 'Corner Point (Lower Left) :
write(freaDat,LatLwrLeftCorner:7:4,! )3
writeln(RreaDat, LongLwrleftCorner:7:4)

write(freaDat, fCorner Point (Upper Right) : ")

write (RreaDat,LatUprRtCorner:7:4,° B H
writeln(freaDat, LongtiprRtCorners7:4) §
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8576 write(freaDat,'Corner Point {(Lower Right) ')
&7 write(RreaDat,LatLwrRtCorner:7:4,* s

ec78 writeln(freaDat,LonglwrRtCorner:7:4) ;

e579

2680 write(RreaDat,? ')
2681 writeln(freaDat,’ )3
2682

2683 close(AreaDat)

8684 end; {WriteToDisk}

0685

2686  (FEEEHEHHHEHPHHH )
@687 {Provides user with program information, limitations on use and license. }
8688

0689 procedure Warranty;

8692

2691 var continue : charj {Bogus read variable provides time to read warrantyl}
8652

2693 begin {Warranty}

8694

6D Write (! (HEHHEHH Y )

069% writeln (! BRI L H ) )
0637 write(’ (# SEARCH PLANNING SCFTWARE ')

2698 writeln(" (PROGRAM #3 OF 3) ')
2699 write(* {# TITLE: ARER.COM (Search frea ')

g7e0 writeln{'Determination Algorithm) LA H

8701 write(* (# VERSION: 1.8 for CP/M ")

o782 writeln(’Operating System 0);
ere3 write(* (# DATE WRITTEN: August 1984');

0784 writeln(’ 0);
8705 write(" (# LICENSE: COPYRIBHT 1984');

0706 writeln(! D. RICK DOUGLRS ')
9707 write (! (HHHHHHHHH R ) 3

o708 writeln (T HEEH ] )

0709 write('The author makes no express or implied ')}

0710 writeln(*warranty of any kind with regard to');

9711 write(’this program material, including, but *);

9712 writeln('not limited to, the implied warranty of'};

713 write('fitness for a particular purpose. ')

0714 writeln('The author shall not be liable for');

2715 write(*incidental or consequential damages ')3

9716 writeln('in connection with or arising out of'}}

717 write(' furnishing, use, or performance of this ')}

0718 writeln{'progras. The reader MUST HRVE a solid');

9719 write('understanding of search and rescue ')j

erce writeln('methodology before using this software in');
e721 wirite('making decisions where human life is at ‘)3

8722 writeln{’risk. In fact, since no amount of');

8723 write('testing can uncover 108% of program ');

Q724 writein('errors, this program is recommended for!);
075 srite("training use only. Prior attendance ');

0726 writeln('at the United States Coast Guard''s');

a1 writeln(*National SAR School is highly-encouraged.');
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0728
072
i 0730
0731
03
0733
0734
0735
| 0736
0737
0738
9739
0740

v o2

writeln;

write (! (FHEHHHEHHHI A )

writeln(' NARNING! HHHHHHHHHAHHHEHAHHIHEH) )
write(' (# THIS SOFTWARE MAY BE FREELY-');
writeln('DISTRIBUTED PROVIDED NO FEE )

write(’ (¢ IS CHARGED AND THIS');

writeln(" COPYRIGHT NOTICE IS RETAINED N
write (! (FEHEEEEEA R T )

sriteln (P HEHFHHPH M) )

writeln;

write("PLEASE HIT RETURN (Orce or twice, as necessary) TO CONTINUE');
readln{continue)

€741 end; {Warranty}

0743 (R3ER¥EREEEEHEHMEEE T HHHHH G HH A )

0784

9745 begin {Main Program}

9746

1LY
) 0748
9749
0752
@751
75
8733
0754
0755
756
8757

. ¢ I
®

8759
% 0762
0761

2762

0763

9764

0765

) 8766
0767

0768

9769

. o770

771

{Initialize program variables}

RercConfidence := 8.0; ReroDriftDistance := 0.0; HRAerofrror := 0.8;
Datuslatitude := 8.0; Datumlongitude := @.8; Dirflerolrift := 0.9;
DistBetween := 0.8; Dw2xDir := 0,8; DmaxDir := @,0;

DmaxDistance := 0.8; DminDistance := 8.8; DmaxtLatitude := @,9;
DmaxLongitude := @8,0; DminLatitude := 8.0; DminLongitude := 0.9;
DRerrorSearcher := 8,83 FixErrorSearcher := @,8; LastlLatitudeknown := @,
Lastlongitudelnown := 8,8; LatReroDrift := 0.9; LatLwrleftCorner := 0,0;
LatLwrAtCorner := 8.8; LatNS := *@'; LatUprleftCorner := 0.0
LatUprAtCorner := 0.9; LongReroDrift := @.0;

LongEW := '@'3 LonglwrlieftCorner := 0.8; LonglwrRtCorner := 8.0;
LongUpriLeftCorner := 8.@; LongUprRtCorner := 8.0; MaxSurfaceError := 8.0;
MinSurfaceError := 0.0; NewLatitude := 8.9; Newlongitude := @.9;
ObjectDRerror := 8.9; ObjectFixError := 0.8; PreviousDriftErrs := 0.8
freadfSearch := 6.0; SearchNumber := @; Searchfadius := 6.8
SurfaceMiniMax := 0.8; SurfConfidence := 0.8; TotalDriftError := 8.0
TotObjectErr := 0.0; TotProbableErr := @.8; TotSearcherErr := 0.9;

Warranty;

Position;

feroSurfVectors;

RreaSearch;

FindCoordinates;

WriteToDisk;

writelns(24)

writeln('A record of significant input and output data used during this');
wreiteln{'program run is stored in an external file named “AREADATA".');
writeln(’If you desire to keep this record persanently, please rename’);
writeln('file AREADATA before running this program again!')

8777 end. (Main Program}
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Search Area Determination Program (€3 of 3)
Variable & Operator Cross-Reference Listing

Variable Program Line Nusber
ReroConfidence 76 229 230 230 233 3589 TAB
aerodrift 191 199 208 2@ 201 201 205 285
ferobriftDistance 77 217 233 381 384 335 D564 SBA 587 T4B
ferofrror 78 233 469 591 748
feroSurfVectors 189 767
freadat 121 552 553 555 556 557 558 56  S61 52
966 S67 SR8 S §72 913 S4 515 516 ST
; 579 588 581 582 586 547 S88 9589 599 591
592 593 596 597 598 599 620 601 682 663
o 604 665 E06 607 €0B 618 611 612 613 615
< 616 617 618 619 628 621 622 624 625 €26
627 626 629 638 631 633 634 637 639 641
643 G645 BA7 B4R 649 630 651 63 6% 63
€56 657 659 660 €61 662 664 665 666 66B
669 678 672 673 674 676 677 678 680 681
683
RrealfSearch 112 327 S53% 652 76t
AreaSearch M5 768
BrgRads 354 349 358 3IBI /2 B3I I e W3 B4
385 3% 399 96 402 403 404 410 A1 412
§13 414 415
continue A7 537 &91 739
count 128 13t 13 135 1B

DRerrorSearcher 91 497 A9 k27T T3

DatumLatitude 79 355 419 668 749

Daturlongitude 8 355 40 661 749 A
Decimallatitude 283 W3 W
Decisallongitude 204 320 32 i
DirfleroDrift 81 o1l 212 212 383 749 .
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DistBetween B2 271 465 604 TS0
DmaxDir B3 259 260 260 3% 410 T8 TSR -
DuaxDistance 85 265 395 3% 411 M2 44 59 751 ;
DearLatitude 7 38 55 T o
DmaxLongitude 89 39 56 TR : *
DuinDir B4 247 248 48 402 A3
DwinDistance 86 253 493 404 414 AIS 463 598 751 |
DminLatitude 88 4% 52 TR -
DninLongitude N 47 S13 1R -
FindCoordinates 38 769 -
FindfYsToCorner 342 424 42 - ‘
FixErrorSearcher R 4% 439 625 753 . ‘f:
LastLatitudeknown 93 159 160 168 163 163 387 397 485 418 : 1

%t 753 ......J
Lastlongitudeknon 94 177 178 178 181 181 388 397 485 418 " 1

S 754 e
LateroDrift % 39 %7 75 ,
LatlwrleftCorner 9% 438 433 669 754 ' ‘“j
LatLwrRtCorner 97 433 671 TS5 1
LatNs N1 1 152 152 152 153 153 153 1S3 «

298 755 K
LatUprLeftCorner 98 435 665 755
LatUprRtCorner 99 45 4% 673 T )
lines 126 132
LongRerori ft 100 398 568 756 i
LongEN 7;.3 168 170 170 170 17 M 1M M1 M

LongLwleftCorner 101 431 437 670 757

..............................
.................
.....................
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LongLwrRtCorner
LongUprLeftCorner
LongUprRtCorner
MaxSurfaceError
MinSurfacetrror
NewCoordinates
NewLatitude
NewtLongitude
ObjectDRerror
ObjectfixError
Position
PreviousDriftErrs
radians

Searchfrea

' SearchNvaber

SearchRadius

SurfConfidence
SurfaceMiniMax
Tenp

TenpDegree

TeapDenon
TeapLatitude
TempLongitude
TempMin
TeapMinSec

18

103

104

105

166

280

107

1e8

- 109

118

142

m

69

67

74

13

115

114

286

2a7

261

281

289

A%

37

-

E:

315

479

766

241

323

459

301

318

678

434

465

397

389

399

484

349

518

351

469

312

39
328

323

319

a3

3e2

8

674

601

397

398

618

616

K]

34

314

383

D-99

58

759

497

760

760

760

761

527

762

314

a1

3

315

3

418

M9 45 4@ T

420 426 431

318

311

328

31

3

331

319

410

5e3

762

331

315

I5:]

413

S5e4

523
761

318

524

319

30 38 39
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-
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TeapSec
TempX

TeapV
TotObjectErr

TotProbableErr

TotSearchertrr
TotalDriftError
Vector!

Vectore
Warranty

writelns

WriteToDisk

Xcomponent

Yeomponent

ator
assign
char

close

313

374

117

118

119

116

689

126
m

549

280

418

a8

418

b

3e3

3N

319

S0t
5a3

499

469

349

765

146

g3

3

191

1

314

g ¥

g

R4

379

371

195

447

315

395
3%
502
502
634
503

a3t

691

33t

L]

611

424

424

Ly}

345
n

A1

A2

763

763

76

428

385 3% A

584 504 528 51
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readln

rewrite
sin
sqrt
text
trunc

write

writeln

2

¢

121
38t

149
&8
478
361
59
615
649
672
£ ]
725

134
175
223
256
461
49
512
556
587
698
63t
655
698
718
736

159

739

310

158
240
481
566
3%
617
651
673
187
729

148
179
225
|
472
491
513
558
589
611
634
657
709
729
137

313

167
246

567
5%
619

676

738

151
168
231
263
474
492
S14
962
591
613
637
661
0
12
T7e

96 Variables & Operators Used
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&n

318
176

433
St

621

677
711
733

156
197
e

ATS
495

593
616

7084
124
m

199
459

37
198

4%
e
601
624
699

3

157
239

476
498

573
997
618
641

706
126
T4

il
479

37

411

210

516
574

695
3

161

ea
269
77
5e7
S31
576
59

643
678
Te8
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217
482

A4

413
an

951 Occurrences
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Don Richard "Rick™ Douglas was born in Salt Lake City,
Utah on August 4, 1953. After graduating in 1975 from the
United States Air Force Academy with a Bachelor of Science
Degree in history, he attended helicopter pilot training in
Alabama. He served as a Combat Rescue Aircraft Commander in
USAF HH-53 "Super Jolly Green Giants"™ in Japan (air-sea
regscue) from 1976-79 and USAF UH-1N "Twin Hueys*" in Utah
(mountain & desert rescue) from 1979-81. He was then
“loaned” to the United States Coast Guard (USAF Exchange
Officer Program), where he again flew air-sea rescue
missions in USCG HH-3F "Pelicans" in Florida from 1981-83.
He is credited with saving 20 lives and assisting another 26
to safety during 30 separate air search and rescue missions.

Rick is a graduate of the following rescue-reiated
training courses: USAF Basic Survival in Colorado, USAF
Jungle Survival in the Philippines, USN Aircraft Underwater
Egress in Florida, USN SCUBA and Drown-Proofing in
California, USA and West German Airborne, and USCG National
Search and Rescue School in New York.

He is married to a criminologist and ex-New Orleans
Playboy Bunny, the former Paula J. Hartzfeld of Bronaugh,
Miasouri. Their son, Craig Madison, is also credited with a
“save”. Craig received numerous newspaper and Scouting
awards for saving the life of a Utah man who was seriously-

injured in a highway accident in 1979.
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